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本研究では D.quinaria sectionから、代表的な種群を形成する 9種（β 命nebris,D. 
angu/a/is, D. orientacea, D. sternop/eura/is, D. tripunctata, D. a/bomicans, D. bizonata, D. 
guaram; D. cardim）を対象にトランスクリプトーム解析を行った。遺伝子情報の少なさをカバー




を用いて系統解析を行ったところ、新大陸産のショウジョウバエ （D.tripunctata, D. guaram; D. 
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Abstract 
There are as many species as 1,193 in the genus Drosophila including 717 species in 
the subgenus Drosophila and 348 species in the subgenus Sophophora. In the genus 
Drosophila, whole genome sequences were determined for 12 species including D. 
melanogastθr, a model organism. In these species, three species belong to the 
subgenus Drosophila and nine species including D. melanogastθr belong to the 
subgenus Sophophora. The phylogenetic relationships among species in the 
subgenus Sophophora have been well studied but those in the subgenus Drosophila 
have not been so. The D. quinaria section, one of two m可orsections in the subgenus 
Drosophila, consists of many species but genome sequence has not been determined 
for any species. Phylogenetic analyses of the D. quinaria section have been based on 
only a small number of genes including mitochondrial genes. Therefore, I focused on 
the D. quinaria section and studied the phylogenetic relationships among the 
species in this section using a large numher of orthologous nuclear genes. 
In this study, I performed transcriptome cDNA sequence analyses for nine 
species (D.かれebris,D.αngularis, D. orientαceα，D. sternopleurαlis, D.凶punctαtα，D. 
αlbomicαns, D. bizonαtα，D. guαrani and D. cαrdini）立1the D. quinaria section. I 
determined cDNA sequences of approximately 1,000 3,000 genes for each species 
by the RNA-seq method using a Roche 4fi4 GS Junior sequencer to conduct a large 
scale phylogenetic analysis. In those genes, I identified 300 -1,000 orthologous 
genes in each species searching the 1:~ genome sequence database. Finally, I 
analyzed the phylogeny based on 161 orthologous genes shared by al the species 
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used. The result showed that three New World species (D. triJヮuncta的， D.guαrani and 
D. cardini) were clustered as a monophyletic clade and the species groups in the D. 
qw冶ariasection diverged during the period of 10 to 31 MYA. However, the positons 
of the New World species and D.五1nθbriswere inconsistent between DNA and 
protein datasets with high bootstrap values and Bayesian posterior probabilities, 
indicating the need of further improvement of theoretical methods for phylogenetic 
analyses with a big sequence dataset. 
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Introduction 
Fruit fly species belonging to the genus Drosophila have been well studied 
especially in the field of genetics because of its rapid alternation of generations and 
ease of strain maintenance. Phylogenetic relationships among fruit fly species have 
been also well studied because there were many species including a canonical model 
organism species, Drosophila melanog.1ster. According to DrosoDB database 
(http://bioinfo.lowtem.hokudai.ac.jp/db/modules/stdb/) and NCBI taxonomy database 
(http://www.ncbi.nlm.nih.gov/guide/taxonomy/), 4,100 species are described in the 
family Drosophilidae. Within this family, there are 1,193 species in the genus 
Drosophila, which includes the subgenera Drosophila (717 species) and Sophophora 
(348 species). In the genus Drosophilt1, whole genome sequences have been 
determined for 12 species (Drosophila 12 Genomes Consortium, 2007), among which, 
9 species (D. mθ•lanogastθr, D. sim ulans, D. sechθ•llia, D. erecta, D. yakuba, D. 
ananassae, D. psθudoobscura, D. pθ•rsimilis and D. willistom) belong to the 
subgenus Sophophora, and 3 species (D. virih芯D.mojaViθ刀sisand D. grimshaw1) 
belong to the subgenus Drosophila. 
Many studies have been studied on the phylogeneti relationships among 
Drosophi子aspecies (e.g., Sturtevant, 1921 and 1942; Patterson and Stone, 1952; 
Okada, 1956 and 1989; Throckmorton, 1975; Wheeler, 1981 and 1986; Grimaldi, 
1990). One of the most remarkable studies was accomplished by Throckmorton 
(1962, 1956 and 1966). He compared intEirnal reproductive organs and egg shapes 
among many species. On the basis of these works together with ecology and 
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biogeography, consequently, he proposed a phylogenetic hypothesis among the 
species of the family Drosophilidae (Throckmorton, 1975). In his hypothesis, the 
genus Drosophila was not monophyletic, including many clades of other genera 
within the genus. His hypothesis has been widely accepted by many researchers 
because of the broad coverage of species, in spite of the lack of objective facts. Based 
on 217 external morphological characters of adult，日ies,Grimaldi (1990) 
reconstructed a phylogenetic tree by the maximum parsimony method. In his 
alternative hypothesis, the subgenus Drosophila was monophyletic with Hawaiian 
Drosophila species, and the genus Scaptomyza was placed outside the genus 
Drosophila. Accordingly, there have been two very different hypotheses for the 
phylogeny of Drosophila species. 
Recently, large scale molecular phylogenetic analyses for Drosophila species 
have been conducted, i.e., phylogenetic analyses for 12 species based on whole 
genome sequences (Drosophila 12 GenomEis Consortium, 200η，for 134 species in 10 
genera based on their mitochondrial genomes (0’Grady and De Salle, 2008) and for 
176 species in 12 genera based on a super-matrix analysis of 13 genes (Linde et al., 
2008 and 2010). The results of these studies were roughly congruent with 
Throckmorton's hypothesis rather than Grimaldi's. Yet, these studies have not 
clarified the phylogenetic relationships among many species groups, especially in 
the subgenus Drosophila. For example, only three genome sequences have been 
determined for the species in the subgenus Drosophila, so that only mitochondrial 
and a few nuclear genes have been used for the phylogenetic analyses among these 
species. In the subgenus Drosophila, them are two m可orlineages, i.e., the D. virilis 
section including 296 species, and the D. quinaria section including more than 283 
fi 
species (Hsu 1949). Although the D. quimzria section is a relatively large section, no 
genome sequence data has been available yet for any species in this section. 
To solve the problems due to a small number of genes including paralogs in 
the previous works, I focused on the RNA-seq method (Mortazavi et al., 2008; 
Marioni et al., 2008; Nagalakshmi et al., 2008) and determined millions of 
transcriptome cDNA sequences by using a high-throughput DNA sequencer to 
obtain the nucleotide sequences of over 100 orthologous nuclear genes for a 
comprehensive phylogenetic analysis of the species belonging to the D. quinaria 
section in the genus Drosophila. In this study, I determined transcriptome cDNA 
sequences for eight representative species in the D. quinaria section, i.e., D. 
funebris, D. angularis, D. orientacea, D. sternopleuralis, D. tripunctata, D. bizonata. 
D. cardini and D. guarani, using a RochEi 454 junior sequencer. Together with the 
transcriptome cDNA sequence of D. albomicans determined in the previous work in 
my laboratory, and the 12 genome sequences, I analyzed the phylogenetic 
relationships among the 21 species using 161 orthologous nuclear genes, and 
revisited Throckmorton’s (1975) hypothesis. 
Materials and Methods 
Eight species in the D. quinaria section 
I selected 8 Drosophila species (D.五1nθbris,D. stθ•rnopleuralis, D. bizonata, D. 
anguralis, D. ori，θintacea, D. tripunctata, D. cardini and D. guaram) belonging to the 
subgenus Drosophila for the transcriptome cDNA determination (Table 1). They 
represent major species groups in the D. quinaria section. All the species were living 
isofemale lines maintained at 20。Cunder constant light condition in our laboratory. 
The strains of D. funθbris, D. sternopl，θuralis, D. bizonata, D. anguralis, D. 
ori，θin tacθa and D. tripunctata were originally collected in Japan, whereas D. cardini 
and D. guarani were obtained from the UC San Diego Drosophila Stock Center. 
Extraction of total RNA with a silica gel method 
Total RNA was isolated from 10 adult日iesfor each species, using a combined 
method of the extraction by acid guanidinium thiocyanate phenol----<;hloroform 
(Chomczynski and Sacchi, 1987) and the purification by silica particles (Boom et al. 
1999) as follows. 
Ten adult flies were homogenized in 500 μl Binding Buffer (4 M Guanidine 
Thiocyanate; 25 mM Sodium Citrate; 0.5 % SDSc; 0.1 M Mercaptoethanol) and then 
10 μl silica gel mixture (spherical shape of silica gel particles of 5 μm diameter 
suspended in equal volume of 0.01 N HCl) was added into the homogenate. After 5 
minute incubation at room temperature with vortexing every 1 minute to absorb 
DNA on the silica gel particles, the homogenate was centrifuged at 12,000 rpm for 1 
minute at 20 °C, and the supernatant was transferred into a new tube. Then, 50 μl 
of 2 M Sodium Acetate (pH= 4.0) and 500 μl of water-saturated phenol were added. 
After vortexing the tube, 150 μl chloroform : isoamylalcohol (24 : 1)was added and 
the tube was vortexed again thoroughly and put on ice for 15 minutes. Then, the 
tube was centrifuged at 12,000 rpm for 20 minutes at 4。C,and the supernatant was 
recovered to a new tube. A half volume of the supernatant (approximately 500 μl) of 
100 % ethanol and 10 μl silica gel mixture were added into the tube and incubated 
at room temperature for 5 minutes with vortexing every 1 minute to absorb RNA on 
the silica gel particles. After centrifugation at 12,000 rpm for 1 minute at 20。C,the 
supernatant was removed and the precipitate of silica particles was washed by 500 
μl Wash Buffer (lOmM Tris-HCl pH 7.5; lOOmM NaCl: Ethanol= 1: 4) three times. 
Then, the resultant precipitate of silica particles was air-dried with a blower to 
remove the residual ethanol. Finally, RNA absorbed on the silica particles was 
eluted with 50 μl TE (lOmM Tris-HCl pH 8.0; O.lmM EDTA) by incubation at 70°C 
for 5 minutes. The elution was centrifuged at 12,000 rpm for 1 minute at 20 °C and 
the supernatant was recovered into a new tube as a RNA sample. The quality of 
each RNA sample was checked by an Agilent 2100 Bioanalyzer and stored at -SO。c
until use. 
Transcriptome cDNA sequencing 
From 20 to 30 μg total RNA, mRNA was purified by Ambion Dynabeads⑧ mRNA 
Purification Kit. Using 200ng mRNA obtained, I synthesized cDNA library 
according to the Roche GS Junior Titanium Series rapid library cDNA synthesis 
manual. 
The emulsion PCR (emPCR) was conducted by using a Roche GS Junior 
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Titanium emPCR Kit (Lib-L) with the obtained cDNA library as the template at the 
concentration ratio of 10 : 1 to the capture beads. After the emPCR, I input the 
resultant beads into a Roche 454 GS junior sequencer and run it according to the 
instruction by the supplier (Roche, Ltd). 
Assembling raw reads of DNA sequences 
For the raw sequence reads output by the GS junior sequencer (about 7 to 15 
thousands reads), I assembled them using GS DeNovo assembler (ver. 2. 7) with 
default settings to produce 1,000 to 3,000 contigs. Next, using Blast search (Altschul 
et al., 1997) against the D. melanogaster database release 5.52 with the e-value 
equal to 1.0×10竺Iidentified and removed the contigs from rDNA and mtDNA 
sequences. To analyze the Blast output mes and to edit fasta sequence data files, I 
coded Java programs (Appendix). All the resultant contigs were then mapped to the 
translated amino acid sequences of D. melanogastθr to obtain Flybase gene ID and 
other information using blastx program with thee-value equal to 1.0×10-5_ Using 
the information, I further corrected and assembled the sequence data by aligning to 
the 12 genome sequence alignment using Clustal Omega (http://www.clustal.org/). 
The work flow is illustrated in Figure 1. 
Other sequence data 
In addition to the sequence data newly dEitermined in this study, I also utilized the 
cDNA sequence of D. albomicans previously determined in our laboratory and whole 
genome sequences for 12 species (D. mθ，Janogastθr, D. sim ulans, D. sechθ，Jlia, D. 
θrθeta, D. yakuba, D. ananassae, D. psθudoobscura, D. pθrsimilis, D. willistoni, D. 
virilis, D. mojavensis and D. giimshaw1J downloaded from Flybase 
(ftp:/ /ftp.flybase.net/releases/). 
The orthology of each gene was checked by Fly base gene ID. As a result, I 
found that 161 orthologous genes were shared by al the 21 species. The nucleotide 
sequences of the 161 genes were aligned gene by gene according to their translated 
amino acid sequences using Clustal Omega (http://www.clustal.org/) with the 
default parameter setting. Finally, I concatenated the obtained sequence 
alignments for the 161 genes to be the dataset with 160,671 nucleotide sites and 
53,557 amino acid sites. However, as the RNA-seq method does not necessarily 
cover the entire region of each gene seqrn:mce, there were many missing regions in 
the final alignment in addition to the real alignment gaps. Accordingly, the number 
of nucleotide sites of each species varied from 124,022 to 157,399 with the average 
of 151,951.5 among the nine species. To check the effects of the missing data, I built 
two subsets of data, i.e., the 90 % coverage dataset composed of the sites covered by 
90 % or more species and the 100 % coverage dataset obtained by the ‘complete 
deletion' option. 
Phylogenetic analyses 
The phylogenetic trees were reconstructed by the maximum likelihood (ML) method 
(Felsenstein 1981) and Bayesian method (Li, 1996; Mau, 1996). For the ML analysis, 
I used RAxML-standard SSE3-PTHREADS ver. 8.1.2 (Stamatakis, 2014) on Ubuntu 
12.04 LTS with 100 bootstrap replications. The substitution models used were WAG 
(Whelan and Goldman, 2001) for amino acid sequences and GTR (Lanave et al., 
1984) for nucleotide sequences. The gamma distribution option was used to白tthe 
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rate heterogeneity among sites. For Bayi~sian analysis, I used MrBayes ver. 3.2.3 
x64 MPI version (Robinquist et al., 2012) on Ubuntu 12.04 LTS. The parameter 
settings for the Markov chain Monte Carlo were the number of chains (nchains) = 4, 
the number of generations (ngen) = 20,000 and the sample frequency (samplefreq) = 
100 for DNA datasets and nchains = 10, ngen = 10,000 and samplefreq = 500 for 
protein datasets. The substitution models were the same as those used in the ML 
analyses. Only these models were available in both programs. 
In addition to the concatenated sequence alignment of the 161 genes, the 
ML analysis was conducted by the partitioned analysis with the WAG+GAMMA 
model with 100 bootstrap replications, where the values of gamma parameter and 
branch lengths were optimized gene by gene for each tree topology in the ML 
topology search. This analysis was done by using RAxML-standard 
SSE3-PTHREADS ver. 8.1.2 on Ubuntu 12.04 LTS. 
To avoid false negative evaluation of alternative topologies in the bootstrap 
analyses, I used Shimodaira-Hasegawa test (Shimodaira et al., 1999) for protein 
and DNA datasets among three alternative topologies implemented in 
RAxML-standard SSE3-PTHREADS ver. 8.1.2. 
Divergence time estimation 
I computed the divergence times betweEm the species groups in the D. qumana 
section and others using Reltime (Tamura et al., 2012) on MEGA6 (Tamura et al., 
2013). The divergence time of the subgenera Drosophila and Sophophora was 
assumed to be 62.9 MYA (Tamura et al., 2004) as the calibration point. 
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Results 
Nucleotide sequences and assembled datasets 
The Roche 454 GS Junior sequencer produced 80,000・ 150,000raw reads of 
nucleotide sequence (Table 2). Among them, ribosomal DNA sequences and 
mitochondrial DNA sequences accounted for nearly 20 % and 7 % of the reads, 
respectively (Figure 2). The remaining raw reads were subjected to the assembling 
by GS de novo assembler to result in 1,000・3,000contigs (Table 2). Approximately 
70 % of the contigs obtained had homology to the nuclear protein coding genes of D. 
melanogastθr, inwhich approximately 40 % were identified to be orthologous genes. 
Consequently, nucleotide sequences of 300 -1,000 orthologous genes were obtained 
for each species (Table 2). For many of the genes, the nucleotide sequences were 
partial consisting of two or more contigs separated by missing regions. Compiling 
these sequences for the 21 species, I found that 174 genes were at least partially 
shared by al species, out of which 161 genes were aligned successfully whereas the 
alignment was failed for the remaining 13 genes. For the concatenated sequence 
data set, the numbers of nucleotide and amino acid sites were 160,671 and 53,557, 
respectively. The total number of nucleotide and amino acid sites varied among 
species: 124,022 -157,399 nucleotide sites and 41,341 -52,466 amino acid sites 
(Table 2). 
Phylogenetic trees 
The phylogenetic tree obtained from the concatenated nucleotide sequence 
alignment of the 161 genes is shown in Figure 3A. In this tree, 100 percent 
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bootstrap (BS) value and 1.0 Bayesian posterior probability (PP) were shown in al 
the interior branches. The three New World species (D. cardini, D. guarani and D. 
tripunctata) were clustered as a monophyletic clade and so as were the two species 
of the immigrans species group (D. albomicans and D. sternopleuralis ) . This tree 
indicates that, after the D. quinaria section and the D. viri is section diverged from 
each other, the immigrans species group diverged first and then the lineage to the 
three New World species and the lineage to the four Old World species (D. funθbris, 
D. angularis, D. oriθntac,θa and D. bizonata) diverged. However, the translated 
amino acid sequences showed a different topology, where the New World lineage 
was replaced with D. funθbris (Figure 3B). To investigate how this conflict occurred, 
I estimated the phylogeny using only the first and second codon positions and the 
third positions separately. The first and second codon positions showed the same 
topology as the amino acid sequences, wh€ffeas the third codon positions showed the 
same topology as the entire nucleotide sequences (Figure 4). However, the third 
codon positions caused longer branches within the subgenus Sophophora (Figure 
4B). 
To examine the influence of missing data, I estimated the phylogenetic tree 
using two data subsets. One was the 90 % coverage subset consisting of the 46,773 
amino acid and 140,366 nucleotide sites that were covered by 90 % or more species 
(Figure 5A), and another was the 100 % coverage subset obtained by the ‘complete 
deletion option’consisting of 33,885 amino acid and 101,907 nucleotide sites shared 
by al the species (Figure 5B). No topological difference was produced by either of 
the subsets. The bootstrap values for the 90 % coverage protein subset were higher 
than that for the 100 % coverage protein subset. 
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The Shimodaira-Hasegawa (SH) test (Shimodaira et al., 1999) was applied 
to three alternative tree topologies (Figure 6) constructed with the protein dataset 
by ML and Bayesian methods (topologies 1), with the DNA dataset by ML, Bayesian 
and NJ method (topology 2), and with protein dataset by ML and NJ methods 
(topology 3). As the result, the tree topology 1 was supported significantly better 
than the topologies 2 and 3 with the protein dataset, whereas the topology 2 was 
significantly better than the topologies 1 and 3 with the DNA dataset. Therefore, 
the results indicated that the same dataset supports the different topologies with 
statistical significance depending on whether it was analyzed at nucleotide or 
amino acid level. 
The effect of GC content bias 
To examine the effect of the variation of the G+C content among species, the 
G+C content of the 161 genes was computed for each species (Figure 7). There was a 
strong tendency that the G+C content was higher in the species of the subgenus 
Sophophora except D. willistoni. Another tendency was that the subgenus 
Drosophila had a higher variation among species compared to the subgenus 
Sophophora except D. wiliI》toni.The difference between the subgenera and the 
variation among species were mainly attributed to the third codon positions (Figure 
8). 
To examine the influence of the G+C content variation among species, I 
classified the 161 genes by the variance of G+C content among species into two data 
subsets. One was the subset consisting of top 80 genes with low G+C content 
variation [standard deviation of GC% (SDGc%) was 0.50 to 3.17] among species and 
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another was the subset consisting of thi~ remaining genes with higher variation 
(SDcc% was 3.17 to 7.11). However, they produced the same topology as did the 
original DNA dataset (Figure 9). If I used only the top 20 genes (SDcc% was 0.50 to 
2.39) and bottom 20 genes (SDcc% was 4.21 to 7.11), they produced almost the 
same result with a small difference as when top 20 genes were used (Figure 10). 
Divergence time of the D. quinaria section 
Figure 11 shows the divergence times foir the Drosophila species estimated under 
the assumption that the subgenera Drosophila and Sophophora diverged 62.9 MYA 
(Tamura et al., 2004). I adopted the tree topology estimated from the protein 
dataset because the DNA dataset suggested different topologies among different 
codon positions. The result showed that the species groups in the D. quinaria 
section diverged during the periods of 10七o31 MYA, in which the lineage of the New 
World species (D. cardini, D. guarani and D. tripunctata) diverged from the oriental 
species 19 MYA. 
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Discussion 
Phylogenetic relationships in the D. quinaria section 
In this study, two alternative phylogenetic: relationships among the species in the D. 
quinaria section were obtained depending on whether the nucleotide or amino acid 
sequence data was used for the tree estimation. Although the three New World 
species were clustered as a monophyletic clade in both topologies, the position of the 
clade was different between the two topologies. The DNA dataset suggested that the 
New World clade was the sister group of four Asian species (D.五I刀θbris,D. 
angularis, D. orientacθa and D. bizonata), whereas the protein dataset suggested 
that D. funθbn》andD. angularis diverged earlier than the divergence between the 
New World clade and D. ori，θin tacθa and D. bizonata (Figures 3A and 3B). It was 
speculated by Throckmorton (1975) that the ancestor of the family Drosophilidae 
lived in tropical Asia and then expanded the distribution to al over the world. The 
obtained monophyly of the New World species in either of two topologies is 
consistent with this thought. Another consistent result is the close relationships 
between D. stθ•rnopleuralis belonging to the D. histrio species group and D. 
albomicans belonging to the D. immigrans species group. D. sternopleuralis was 
classified into the D. histrio species group by means of its external morphology, but 
the genital organs were not so similar to that of D. histrio (Okada, 1956). Therefore, 
there is a possibility that D. stθrnopleuralis belongs to other species group. To 
clarify whether these species groups are closely related or just D. stθ1rnopleuralis 
and D. albomicans are closely related, itis necessary to include the data of 
representative species of these species groups, i.e., D. immigrans and D. histrio. 
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In general, amino acid substitution is more conservative due to the 
functional constraints at protein level than nucleotide substitution that involves 
selectively neutral synonymous substitution. Because the higher substitution rate 
at synonymous sites often causes‘saturation effect' that potentially distorts the 
estimation of phylogenetic relationships, amino acid sequences are expected to be 
less error-prone (Jeffroy et al., 2006; Rota-Stabelli et al., 2010) except for the genes 
involved in immune systems (Foster and Hickey 1999). In the present case, the 
phylogenetic tree based on the third codon positions showed imbalanced branch 
lengths with long branches among the species in the subgenus Sophophora, which 
may be a sign of distortion in analyzing the DNA dataset. These branch lengths 
were negatively correlated with G+C contents; the top 20 low variation genes 
showed a slightly different topology with longer branch lengths than the top 20 high 
variance genes (Fi伊ire1。）. There seems to be heterotachy (Lopez et al. 2002) 
caused by the G+C content bias at third codon positions. Nevertheless, I did not find 
any evidence in this study that the bias had an effect on the topology estimation. 
Previous studies on Drosophila phylogeny was performed at the DNA level 
(e.g., van der Linde et al., 2010). This may be because nucleotide sequences are 
three times longer than their translateid amino acid sequences, which has an 
advantage to reduce the sampling error to obtain higher bootstrap values and 
Bayesian posterior probabilities. In this study, however, the total sequence lengths 
were long enough to use translated amino acid sequences as suggested by the high 
BS values and PP in the estimated tree. Therefore, I think that the tree topology 
estimated by using the protein dataset is more reliable in this study. 
So far, most of the molecular phylogenetic studies were roughly congruent 
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with Throckmorton’s (1975) hypothesis. In his hypothesis, the genera Scaptomyza, 
f五rtodrosophilaand Zaprionus were placed in the D. qui刀ariasection, suggesting 
that the genus Drosophila is not monophyletic including these other genera. It is 
worth examining this paraphyletic situation in the genus Drosophila by using a 
genome scale dataset. 
Divergence time of D. quinaria section 
After the D. quinaria section diverged from the D. virilis section 45 MYA, the 
species in the D. quinaria section diverged during the periods of 31・10MYAon the 
basis of the protein dataset (Figure 1). The common ancestor of the D. quinaria 
section likely lived in Asian temperate zones, because currently al species I 
analyzed live in the Asian temperate zones. The New World lineage diverged 19 
MYA in the mid Miocene era. If so, the ancestor of the New World species should 
migrate from Asian temperate zones to th13 New World in relatively warm climate in 
Miocene over Bering Strait (Figure 12). However, based on the DNA dataset, the 
ancestor of the New World species diverged 30 MYA in the mid Oligocene era. 
According to Throckmorton's (1975) hypothesis, yet this estimate agrees with the 
earlier migration event from Asian tropical zone to the New World tropical zone. 
Since there were so many species in Caribbean tropical zones, the ancestor of the 
New World tropical species was hypothesized to migrate from Asia and then 
extended their distribution to the New World temperate zone. Further studies 
including more species with genome scale data is required to conduct more accurate 
divergence time estimation. 
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Conell us ion 
In this study, focusing on the phylogenetic relationships among species in the D. 
quinaria section, I determined transcriptome cDNA sequences for eight Drosophila 
species and conducted phylogenetic analyses together with the already available 
transcriptome and genome sequence data. This analysis suggested two topologies 
with much higher reliability compared to previous works. It is expected that the 
discrepancy between the DNA and protein datasets could not be solved by using 
more genes. Novel theoretical innovations may help phylogenetic analyses with a 
big sequence dataset produced by high-throughput DNA sequencers in the nearest 
future. 
In this study, itwas clearly shown that the New World species, D. 
tripunctata, D. cardini and D. guarani, were clustered as a monophyletic clade, 
suggesting that they have a common ancestor migrated from Asia. The divergence 
time estimation suggested that the sp€~cies groups in the D. quinaria section 
diverged during the periods of 10・31MYA in the mid Oligocene era and the New 
World species diverged 19 MYA in thi:) mid Miocene era. These timings are 
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Tablles 
Table I. Drosophila species used in this study and their subgenus, species group and distribution 
Species Subgenus Species group Distribution 
Dγosophil，α lbomicαns Drosophil，α immigr，αns Asia 
Dγosophil，α ngul，αγis Drosophil，α quinαnα Asia 
Drosophila bizonatα Drosophila bizonata Asia and Hawaii 
Drosophila cardini Drosophil，α cardini N.America 
Drosophila fimebγis Drosophil，α fimebγis Cosmopolitan 
Dγosophil，αguαrani Drosophila guarani S. America 
Drosophila mientacea Drosophil，α test，αcea Asia 
Drosophila sternopleuralis Drosophila his trio Asia 
Drosophila tlipunctata Drosophil，α tripunctata N.America 
28 
Table 2. Information on sequence reads and assembled contigs 
No.of No. of al No. of Orthologous No. of sites in 
species raw reads contigs rDNA mtDNA Others genes 161 genes 
D. albomicans 11,358 13 2 10,256 4,001 156,839 
Dαngulmis 142,957 2,750 7 17 2,111 891 151,401 
D. bizonata 155,612 2,695 10 20 2,041 844 150,136 
D. cardini 148,526 3,240 18 25 2,582 1,082 151,243 
D.funebγis 154,851 2,702 14 25 1,913 719 149,124 
D. guαγαm 147,422 2,656 16 II 1,970 799 150,890 
D. orientacea 156,497 3,092 3 14 2,328 972 149,461 
D. sternopl剖 ral阻 139,435 2,552 II 12 1,858 693 141,176 
D. t1ipuncta ta 80,432 1,249 9 17 938 319 124,022 
D 仰仰assae 6,675 156,132 
D. erecta 6,675 157,334 
D. grimshαwi 6,675 156,071 
D. melanogaster 6,675 157,399 
D. mojαvensis 6,675 156,888 
D. persimilis 6,675 154,409 
D. pse11doobscura 6,675 156,743 
D. sechellia 6,675 156,117 
D. simulans 6,675 146,004 
D. virilis 6,675 155,724 
D. willistoni 6,675 156,797 






Raw reads (100,000～150,000 reads, average 
length 450b) 
De nova assembling by newbler 
(1旦盟竺主000contigs) 
Elimination of rDNA & mtDNA 
Mapping of sequence data to Protein database 
of D. melanogaster by BlastX 
Blast 
e-value 10 5 
仁orrectingerro巳connectingcontigs overlapping 
Gene identification 
Reciprocal Blast to D. melanogaster data 
↓ 
Checking Flybase for orthology 
Multiple sequence alignment 
Aligning individual gene sequences for 9+12 
species by Clustal Omega 
↓ 
Concatenating individual gene alignments 
Figure 1. Work flow of building datasets. 
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GACT (Library) Reuion 
1 
Raw W引Is 233,710 
Key Pass w引Is 226,536 
Passed Filter W引Is 154,851 
Total Bases 63,510,271 
Length Average 410.14 
Length St.:J Deviation 109.63 
Longest Reads Length 840 
Sho門estReads Length 40 
Median Reads Length 445.0 
Modal Reads Length 473 
50 100 150 200 250 300 350 400 450 500 550 600 650 70口 750 800 
B 
Raw reads 




Figure 2. Example of raw sequence data obtained for D. funθbris. A: Histogram of raw 
read lengths. B: Pie chart for the numbers ofraw reads and assembled contigs resulting 






D. tripunctata I qumana section 
D. cardini Dre叩phila 
D. tripunctata 
?????








D. melanogaster D. melanogaster 
D. secheria D. sechema 
D simulans D. simulans 
トー→
口但 ト一→ 0.02 
Figure 3. Phylogenetic trees obtained from nucleotide sequences (A) and from amino acid sequences (B). All interior branches other than 
two pointed by arrows showed 100 % bootstrap values by the ML method, 100 % bootstrap values by the partitioned ML method and 1.0 





























Figure 4. Phylogenetic trees obtained from first and second codon positions (A) and third codon positions (B). The numbers among 





















Figure 5. Phylogenetic trees based on 90 % (A) and 100 % (B) coverage DNA sites. The numbers among interior branches are the 
bootstrap values. The New World lineages are marked in red and the lineage to D. funebl'is are marked in cyan. 
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D. OiZonata ζ二Dbizonata 
「一亡D. onentacea B C D. onentacea D. orientacea 
D. tripunctata ーー ー D funebns 
D. guarani 一ー一一一Danguralis L一一－Danguralls 
D. cardini 一一一一一Dtnpunctata D. tripunctata 
D. anguralis f二D抑制j D. cardini 
D. tuneons D. cardini D. guarani 
D.stem叩，1euralis 王二D.stern刷 Ii D. sternop/euralis 
D.al田micans D. albomicans D. albomicans 
virilis section 一一一一－ vm.佑目ct1on virilis盟 C目on
皇制帽剛志 一一一Sophophora Sophopho，司
Topology 1 Topolo只y2 Topology 3 
Protein dataset DNA dataset 
log ムlog Standard log ムlog Standard 
Topology likelihood likelihood Deviation p-value Topology likelihood likelihood Deviation p-value 
1 -380325.4 1 -1149780.6 -445.1 80.8 < 0.01 
2 -380501.5 -176.1 52.1 < 0.01 2 -1149335.5 
3 -380477.8 -152.4 50.2 < 0.01 3 -1149542.2 -206.7 40.5 < 0.01 
Figure 6. Three alternative topologies and their test statistics with the results of Simodaira Hasegawa test. 
Topology 1 was constructed by the protein dataset with ML and Bayesian methods, topology 2 was constructed by the DNA 
dataset with ML, Bayesian and NJ methods and topology 3 was constructed by the protein dataset with h担Jand NJ methods. The 
lineages to the New WD1'・ldspecies are marked in red and the lineage to D funebiis are marked in cyan. 
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Figure 7. Histograms of GC% among species at first and second codon positions (A) and 
third codon positions (B). The species belonging to the subgenus Sophophora and 
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81 genes (low variation) 
Figure 9. Phylogenetic trees based on the genes with high (A) and low (B) GC% variation among species. The numbers among inter10r 

















Figure 10. Phylogenetic trees based on 20 low (A) and 20 high (B) GC% variation genes. The numbers among interior branches are the 
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Figure 11. Estimated divergence times for the subgenus Drnsophila species. The lineages to the New World species are marked in red. 
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Figure 12. Potential migration route of the New World species from the Old World. The world map in Miocene era was according to 
Blackey et al. (2008). The common ancestor of the New World species lived in the Old World migrated through the Bering Strait to the 




OS: windows 7 Ultimate 64 bit 
Integrated Developmental Environment: 
Eclipse Java EE IDE for Web Developers. 
Version: Kepler Service Release 2 
Build id: 20140224・0627
External libraries 
Biojava version 4.0.0 (http://biojava.org/wiki/Main Page) 
Apache POI -the Java API for Microsoft Documents version 3.1.1 
(http://poi.apache.org/) 
I coded al class files in a same packag13 folder. Almost al softwares were GUI, 
developed by Swing Designer 1.6.1.r43x201309100023. 
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Output files Reader of Blast+ & Fasta白leeditor 
package practice, 
import javax.swing.ヘ




import Java.a wt*, 




import java. util.regex.Matcher, 
import java. util.regex.Pa抗ern,
@SuppressWarnings("serial”） 
public class NGSfileEditor extends JFrame implements ActionListener{ 
priva回 JTextAreatextArea 二 new JTex凶i-eaO;
／／カット、コピ 、ー ベースト用アクション
priva回ActioncutAction 二 new CutActionO, 
priva回Actioncopy Action二 new CopyActionO, 
priva回ActionpasteAction 二 new PasteActionO, 
pnva回 JButtonopen二 new JButton（”outFileを聞く”），
priva回 JButtonopenFasta二 newJBu抗on（”fastaを聞く”），
priva回 JButtonsave二 newJButton（”保存”），
priva回 JButtoncut二 new JButton(cutAction), 
priva回 JButtoncopy 二 new JBuもton(copyAction),
priva回 JButtonpaste二 new JButton(pas回Action),
priva回 JButtonrunOutFile 二 new JButton （九・unOutFile”）ヲ
priva回 JButtonremoveHit 二 new JBu抗on（”Hit配列を除いて保存”），
priva回 JButtonsaveHit 二 new JButton（”Hit配列のみを取り出す”）










setDefaultCloseOperation(JFrame.EXIT ON CLOSE); 
set日ize(S00,600);
JPanel panell 二 new JPanelO, 




















public static void main(StringD args) { 
new NGSfileEditorO.setVisible（町ue),
／［聞く］［保存］ボタンが押された時の処理





} catch (IO Exception e) { 
e.printStackτ'taceO, 
else if (event.getSourceO.equals(openFasta)) { 
openFas回O;
else if (event.getSourceO.equals(save)){ 
saveFileO; 
else if (event.getSourceO.equals(runOutFile)){ 
try { 
runOutFileO, 
} catch (IO Exception e) { 





} catch (FileNotFoundException e) { 
I TODO Auto-generated catch block 
e.printStackTraceO; 
else if (event.getSourceO.equals(saveHit){ 
try { 
saveHitO, 
} catch (FileNotFoundException e) { 
I TODO Auto generated catch block 
e. printStackτ'taceO; 
／／ファイノレを聞くメソッド
priva回 voidopenOutO throws FileNotFoundException, IO Exception { 
chooser.setFileFilter(new OutFil回rO);
int return Val 二 chooser.showOpenDialog（吐1is),
if (return Val二二JFileChooser.APPROVEOPTION){ 
日lefile二 chooser.getSelectedFileO; 
se口'itle(file.getAbsolutePathO);
fileAdress 二 file.getAbsolutePathO, 
pnva回 voidopenFastaO { 
chooser.setFileFilter(new Fas回Fil回rO),
int return Val 二 chooser.showOpenDialog（吐1is),
try { 
if (return Val二二JFileChooser.APPROVEOPTION){ 
日lef山二chooser.getSelectedFileO;





} catch (FileNotFoundE次ceptionevent) { 
event.printStackτ1・aceO;
} catch (IO Exception event) { 
event.printStackτ1・aceO,
／／ファイノレを保存するメソッド




int return Val二 chooser.showSaveDialog(this), 
try { 
if (return Val二二JFileChooser.APPROVEOPTION) { 
｝ 
日leWriter !Writer二 new FileWriter(chooser.getSelectedFileO), 
回xtArea.write(fWriter);
} catch (FileNotFoundE次ceptionevent) { 
event.printStackτ1・aceO;
} catch (IO Exception event) { 
event.printStackτ1・aceO,
priva回 voidrunOutFileO throws IO Exception { 
FileReader fReader, 
fReader二 newFileReader(fileAdress), 
BufferedReader bReader二 newBufferedReader(fReader), 
mt threshold二 60;/Iヒットした領域の切る値 （%）
Strmg lme二”start”，
int blastx 二 o; 
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String ppld二 null,
boolean indelcheck 二 false, 
int hitCount 二 o; 
seq list二 newArrayListO, 
indelList二 newArrayListO, 
whileOine.indexOf(”Number of sequences in database.”）二二一1){
Ii町 二 bReader.readLineO;
出line.indexOf("BLASTX")I二一1)(








querylength 二Integer.parselnt(length[l].replaceA!l("[AQ 9］”，＂），10), 
if (blastx二二 1){




String geneld 二 null, 
hitareaList 二 new ArrayListO, 
float hitlengもh=o; 
float identities = o;
int geneNo = O;J／ヒットした遺伝子の最初のもののみを読むためのパラメータ
while ( line.indexOf(”Effective search space used: ”）二 1 ){
line = bReader.readLineO; 
if (line.indexOf(’＇Leng出二l’）？二1){
St】，・ingOlength= line.split（＂＝”）， 
query length = Integer. parselntOength[l] .replaceA!l（”［AO 9］”，”），10); 
工f(blastx二二 1){
querylength = querylength/3, 
／／プラストヒットした場合の処理
else if(line.indexOf(”日equencesproducing significant alignments”） 1二 1){
/hit= L 
hitCount十＋，
while ( line.indexOf(”E町e巴tivesear℃h space used: ”）二 1 ){
















mt start= m.start0+5, 






String regex2 ＝”FBgn 
Pattern p2 = Pattern.compile(regex2), 




























if(line.indexOf（”Identities 二”） ，二 1){ 
String日ident二line.split（”￥￥s”）， 
String lengthO 二idenも［3]spliも（”／”），
1dentScore 二Integer.parselnt(ident[4]replaceAll（”［AQ 9］＂，”） ,10); 
lcca!Length 二Integer.parselnt(lengもh[l].replaceAll（”［八09］”，＂つ，10),
if(line.indexOf（＇’Frame ~＂） I 二 1) && (blastx二 1){
String日f】L'二line.split（” l’）， 
mt last二 fr.length-1, 










else if Oine.indexOf(”Score 
!me 
int frame 二 0, 
int start二 o;1サ











end二Inもeger.parselnt(siteline[siteline.length 1] .replaceA!l（”［八09］”，＂），10), 
siteCount++, 
ヒット 2箇所目以降
else if (identScore > threshold) && (line.indexOf(”Seo回二”）？二 1)){
hita四 aList.add(newIndelData(start,end,frame,identScore,localLength)), 
hit二 1, 
siteCount 二 0, 
/1つ目の遺伝子が終わり、次の遺伝子か1つの遺伝子のみについての情報を読み取ったら終了
else if ((line.indexOf(”〉”）二 0)I I (line.indexOf("Lambda") f二 1) { 
geneNo++, 
lastarea二 true,




if (hitareaList.sizeO > 1){ 
if (hitareaList.sizeO > 4){ 
Sysもem.out.println(name＋””＋hitareaList.sizeO＋”個所を結合”），
ArrayList fix二 new ArrayListO, 
for (int j二o;j<5;j++){
fix.add (hitareal i st.get(j））ヲ




for (int j二o;j<hita四 aList.sizeO;j++){
pHitlength ＋二hi回reaList.get(j).getLengthO,
for (int j二o;j<hi回reaList.sizeOLj++){ 
mt reverse 二 hitareaList. E目。） • getFrameO, 
mt preS 二 hitareaList.get(j).getStartSi胞0,
mt preE 二 hitareaList.get(j).getEndSiteO, 




mt proE 二 hi阻reaList.get(j+1).getEndSiteO, 
//Sys回mout.prinもln（”前のシー ケンス”＋preS+","+preE＋”後のシーケンス”＋proS＋＇γ
mtdif二 0, 
if (reverse < O){ 
if (preE < proS){ 
dif二 proS-preE, 
else if (reverse > 0) { 





hitlength 二 pHitlength, 
}else if (hitareaList.sizeO二二 1){
hitlength 二 h北areaList.get(O).getLength 0, 









identities 二 o; 
／／遺伝子内情報を集めた後、seqDa回 の生成











pnvaもevoid removeHitO throws FileNotFoundException { 
int hitcount 二 o; 
for(int i~O;i<seqlist.sizeO;i++) { 









int return Val 二 chooser.showSaveDialog(this), 
try { 
if (return Val二二JFileChooser.APPROVEOPTION) { 
OutputStream os二 newFileOutputStream(chooser.getSelectedFileO), 
SequenceUtil.writeFasta(os, fastaList); 
｝ 
} catch (FileNotFoundException event) { 
event.printStackτ'taceO; 
} catch (IO Exception event) { 
event.printStackτ'taceO, 
pnva回 voidsaveHitO throws FileNotFoundException { 
もextArea.append（”変則ヒッ トリスト￥n”），
for(int i~O;i<seqlist.sizeO;i++) {/outファイノレの リスト
int hit二 (SeqData) seqlist.get(i).getHitO, 
int paralog 二 ((SeqDa回） seqli叫 get(i).getGeneNoO,




else if (hit二二 1){




if (indelist.sizeO > 4){ 
textArea.append（”ヒット数が多すぎます”＋flybaseld), 
String id二 （（SeqDa回）seqlist.get(il).getGeneO+ ＇’（ 
loca!Name－”＋ (SeqData) seqlist.get(i)).getNameO ＋”frame－”＋ indelist.get(O).getFrameO; 




int return Val 二 chooser.showSaveDialog(this), 
try { 
if (return Val二二JFileChooser.APPROVEOPTION) { 
OutputStream os 二 new FileOutputStream(chooser.getSelectedFileO), 
SequenceUtil.writeFasta(os, fastaList2); 
｝ 
} catch (FileNotFoundException event) { 
event.printStackτ'taceO; 




priva回 ArrayList<lndelDa回＞fixindel(ArrayList<lndelData> inde!List,boolean onlyHitArea){ 
Colections.sort(inde!List,new lnde!Comparatc,r(); 
ArrayList<lndelData> fixlist 二 new Array List（）；ヲ
fixlist.add(inde!List.get(O); 





int proE二 inde!List.get(i+1).getEndSiteO; 
int preldent二 inde!List.get(i).getldentO;
int proldent二 inde!List.get(i十1).getldentO,



















if(preldent > proldent){ 
fixlist.add(inde!List.get(i)), 
fixlist.add(new 




IndelData(preS,proS l,indelList.get(i).getFrameO,O,proS 1 preS)), 
fixlist.add(inde!List.get(i+ 1), 
}else if (pres二二pros){









if(preS二 proS)&& (pr唱E二 proE)){
if(reverse > O){ 






工f((p四日二 pr℃日） 11 (preE二 proE){
fixlist.add(new 





























priva回目tringmodseq(String initSeq,ArrayList<IndelData> indelist, boolean onlyHitArea){ 
String seq二 initSeq,
int seqlength二 seq.Ieng出0,
//Sys回m out. println（”miも.Length:"+seqlength), 
indelist二 fixindel(indelist,false）；ヲ




int frameShift 二 o; 
int pr田 entSite二 first.getStartSiteO,
boolean hensokuhit 二 false; 
H表裏をもとに戻す
if (frame < 0) { 
DNASequence ds 二 new DNASequence(seq）ヲ
／合
seq二 ds.getReverseComplementO.getSequenceAsStringO, 
frame 二 frame合（ 1); 







seq 二 modseq, 
frame二 indellist.getG).getFrameO,
int ss 二 indellist.get(i).getStart日iteO i; 
int es二 indellist.get(i) .getEndSi回0 L 
if (frame < o){ 
｝ 
ss二 seqlength-ss -1, 
es二 seqlength-es -L 
modseq ＋二 seq.substring(ss,es+ 1), 








int firstShift 二 frameShift, 
/2個所目以降のサイトの位置がずれる（フォワードの場合）
/2個所目以降の修E
if (multihit > 1){ 
if (multihit > 4) { 
}else{ 
for (int j二o;j<multihitLj++ ){ 
lnde!Data preindel 二 (Inde!Data) indellist.getG), 
sb.dele回（presentSite,presentSite+1）加StringO;frameShi此＋；break,
lnde!Data proindel 二 (Inde!Data) indellist.getG+ 1), 
int preframe 二 preindel.getFrameO; 
int proframe 二 proindel.getFrnmeO; 
sb 二 new StringBuilder(seq); 
presentSite 二 preindel.getEndSiteO + 1 frameShift; 
工f(proindel.getFrameO < O){
presentSite 二 seqlen宮山 (p四国del.getEndSiteO+ 1) , 
preframe 二 p四 frameベ1);













if (onlyHitArea && multihit < 5){ 
／／ヒット領域のみを抽出
frame二 first.getFrameO, 
int firstFrame 二 frame; 
if (firstFrame < O){ 
firstFrame 二 firstFrameベ1),
switch (firstFrame){ 
case UirstFrame 二 o;break, 
case 2:firstFrame 二 2;break; 
case 3:firstFrame 二 Lbreak; 
｝ 






















if (frame > o){ 
es二 回 一frame日h出 ，
}else if (frame < O){ 
s 二 seqlength-ss -1, 
es二 seqlength-frameShift -es -L 
｝ 
seq二 seq.substring(ss,es+ 1), 
//seq 二 seq.replaceAll（”N”，＂＂）， 
return seq; 
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Class of information of insertion and deletion sites 
package practice; 
public class IndelData { 
private int startSite; 
private int千rame,
private int endSite; 
private int identity, 
private int length; 
public IndelData( int startSi te, int endSite, int千rame,int1dentity,1nt length) { 





public int getStartSite(){ 
return startSite, 
｝ 
public int getEndSite(){ 
return endSite; 
｝ 
public int getFrame () { 
return frame; 
｝ 
public int getldent () { 
return identity; 
｝ 
public int getlength(){ 
return length, 
53 
Class of sequence data information of Blast 
package practice; 
public class SeqData { 
private String name; 
private int hit, 
private千loatidentities; 
private String geneName, 
private String geneid, 
//private int千rame;
private int geneNo; 
public SeqData(String name,int hit，千loatidentities, String geneName, String gene Id, int geneNo) { 
this目name= name; 
｝ 
this hit = hit; 
this identities = 1dentit1es; 
this目geneName= geneName; 
this geneid = geneid, 
I /this.千rame＝千rame;
this目geneNo= geneNo; 
public String getName() { 
return name, 
｝ 






public String getGene(){ 
return geneName; 
｝ 
public String getid(){ 
return geneid; 
｝ 
/*public int getFrame(){ 
return千rame;
}*/ 






public class IndelComparator implements Comparator<IndelData> { 
public IndelComparator() { 
I I TODO Auto-generated constructor stub 
｝ 
信旧verride
public int compare(IndelData ol, IndelData o2) { 
int千ramel= ol. getFrame(), 
int sl = ol.getStartSite(); 
int s2 = o2 getStartSite(), 
















Flybase gene number filter 
package practice, 
import java. util.regex.Matcher, 
import java. util.regex.Pa抗ern,
public class FbgnFilter { 
public FbgnFilterO { 
I TODO Auto generated constructor stub 
｝ 









public static String cantigfilter(String line){ 
String regex二百，ntig. ”， 
｝ 
Pa此ernp 二 Pattern.compile(regex); 





public static String parenthesisfilter(String line){ 
String regex二 l’￥￥（.＋￥￥）＂；
Pat臼l'Ilp二 Pattern.compile(regex),











public class OutFilter extends FileFilter { 
public boolean accept (File file) { 
if （且le＇二null){ 
／／ディレクトリ判定










priva回目tri碍 getExtension(Filefile) { 
if(file二二null){ 
} else { 
return null, 
／／ファイノレ名を取得
String name二 file.getNameO, 
／／最後のピリオド位置を取得
mt period 二 name.lastlndexOf(' '), 
if (period> 0 && period< name.lengthO 1) { 
／／拡張千を小文字で返す
1唱turnname.substring(period + 1).toLowerCaseO, 
} else { 
return null, 
public String getDescriptionO { 
return’＇Outファイノレ（＊.out）ヘ
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import Java.a wt*, 




import java. util.regex.Matcher, 
import java. util.regex.Pa抗ern,
@SuppressWarnings("serial”） 
public class OrthologChecker extends JFrame implements ActionListener{ 
pnva回 JTextAreatextArea 二 new JTex凶Tea0, 
／／種名入力欄
pnva回JLabelsplabel 二new JLabel（＂種名” ），









priva回 ArrayList<FastaSequence>fastaLi叫OutNuc二 newArrayList<FastaSequence>O, 







setDefaultCloseOperation(JFrame.EXIT ON CLOSE); 
set日ize(S00,600);
JPanel panell 二 new JPanelO, 














public static void main(StringD args) { 
new OrthologCheckerO. set Visible(true), 
／［聞く］［保存］ボタンが押された時の処理
public void actionPerformed(Act回nEventevent){ 
if (event.getSourceO.equals(openFasta)) { 
openFas回O;
else if (event.getSourceO.equals(setFolder){ 
try { 
setFolderO, 
} catch (FileNotFoundException e) { 
I TODO Auto generaもertcatch block 
e. printStackτ'taceO; 
} catch (IO Exception e) { 
I TODO Auto generaもertcatch block 
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e.pnntStackτ'taceO, 
else if (event.getSourceO.equals(save)){ 
saveO; 
else if (event.getSourceO.equals(check)){ 
try { 
checkO, 
} catch (IO Exception e) { 
I TODO Auto generaもertcatch block 
e.printStackτ'taceO; 
／／ファイノレを聞くメソッド
priva回 voidopenFastaO { 
chooser二 newJFileChooser（”C:¥¥cDNAData”）， 
chooser.setFileFilter(new FastaFilterO）；ヲ
int return Val 二 chooser.showOpenDialog（吐1is),
try { 
if (return Val二二JFileChooser.APPROVEOPTION){ 
日lefile二 chooser.getSelectedFileO; 





System.out.println(((Fas回Sequence)fastaList.get(3)). getld O), 
} catch (FileNotFoundException event) { 
event.printStackτ'taceO; 
} catch (IO Exception event) { 
event.printStackτ'taceO, 
／／ファイルを保存するメソッド
priva回 voidsaveO { 
｝ 
int return Val 二 chooser.showSaveDialog(this), 
try { 
if (return Val二二JFileChooser.APPROVEOPTION) { 
｝ 
日leWr叫erfWriter 二 new FileWriter(chooser.getSelectedFileO), 
回xtArea.write(fWriter);
} catch (FileNotFoundException event) { 
event.printStackτ'taceO; 
} catch (IO Exception event) { 
event.printStackτ'taceO, 
llsetFolderメソッド
privaもevoid setFolderO throws FileNotFoundException,IOException { 
chooser二 newJFileChooser（”C:¥¥cDNAData”）， 
chooser.setFileSelectionMode(JFileChooser.DIRECTORIES ONLY）ヲ
int return Val 二 chooser.showOpenDialog（吐1is);






private void checkOもhrowsFileNotFoundException,IOException { 
日lefile 二 new File（”C:¥¥cDNAData¥¥originalAlignments＂）ヲ
String日orthologlist二 file.list(new FastaNameFil日rO);
se口'itle(file.getAbsolutePathO);
IIString fileAdress 二 file.getAbsolu回Path0, 
String spname 二 species.getTextO; 
mt countニ0,
mt multicount 二 0, 
Lisも.＜FastaSequence>notOrtholog二 newArrayListO, 
boolean hit; 
for (int i~o; i< fastaList.sizeO; i++){ 
String name 二 fas回List.get(i).getldO,
String id 二 FbgnFilもer.fbgnfilter(name),
hit二 false; 
for (int j二o;j< orthologlist.length; j++) { 
if (orthologlistW .indexOf(id）七 1){
hit二 tme; 










String proName二 saveadress＋”¥¥Prat￥￥＇’＋ id +".fas回”，
／／ヌクレオチドシーケンスの作成
FastaSequence nucFs二 newFastaSequence(spname ＋”（”＋ contig ＋”）”，seq), 
ArrayList<FasもaSequence>nucList二 newArrayList<FastaSequence>O; 
／／既存ファイノレの確認
File existNuc 二 new File(nucName）ヲ
工f(exisもNuc.exis同0){
nucName二 saveadress+ ＇宰￥”＋ id＋”（”＋contig ＋”）”＋”.fas ta”， 
nucList.add(nucFs), 
FastaSequence fsLast 二 new FastaSequence(id ＋”（”＋ contig ＋”）”，seq), 
／／アミノ酸シーケンスの作成
DNASequence ds 二 new DNASequence(seq), 
RNASequence rs二 ds.getRNASequenceO; 
PrnteinSequence ps 二 rs.getProteinSequenceO, 
String psString 二 ps.getSequenceAsStringO; 
FastaSequence proFs 二 new FastaSequence(spname ＋”（”＋ contig + 
ArrayList<Fas回目equence>proList 二 new ArrayList<FastaSequence>O, 
／／既存ファイノレの確認
File existPro 二 new File(proName), 
工f(existNuc.exis臼0){










OutputStream nucOs 二 new FileOutputStream(nucName), 
SequenceUtil.wri匝Fasta(nucOs,nucList); 
nucOs.closeO; 




String otherGeneAdress 二 saveadress ＋”￥￥notOrthologList.fasta"; 
OutputStream notOrthologOs 二 new FileOutputStream(oもherGeneAdress）ヲ
SequenceUtil.wri日Fas回（noもOrthologOs,notOrtholog); 
notOrもhologOs.closeO;
textArea.append（”全l斗 Count ＋”遺伝子座でオーソログが見つかりました。”） ヲ
日ys回m.out.println（”全”＋multicount ＋”遺伝子座で複数ヒツトしました＂）；
i1 return Value二 chooser.showSaveDialog(this);
try { 
if (return Value二二JFileChcoser.APPROVEOPTION) { 
OutputStream os 二 new FileOutputStream(chooser.getSelectedFileO), 
org.biojava3.da回 sequence.SequenceUtil.writeFasta(os,fastaList3); 
｝ 
} catch (FileNotFoundException event) { 
event.printStackτ'taceO; 
} catch (IO Exception event) { 
event.printStackτ'taceO, 
? ??。




public class FastaNameFilter implements FilenameFilter { 
public FastaNameFilterO { 
I TODO Auto generated constructor stub 
@Override 
public boolean accept(File d民日町昭name){
int index二 name.lastlndexOf(”）；1拡張千の””を探す
I＂.以下の文字列を取り出して全て小文字に












public class FastaFilter extends FileFil回r{
public boolean accept (File file) { 
if （且le＇二null){ 
／／ディレクトリ判定




String ext二 getExtension(file); 





priva回目tri碍 getExtension(Filefile) { 
if(file二二null){ 
} else { 
return null, 
／／ファイノレ名を取得
String name二 file.getNameO, 
／／最後のピリオド位置を取得
mt period 二 name.lastlndexOf(' '), 
if (period> 0 && period< name.lengthO 1) { 
／／拡張千を小文字で返す
1唱turnname.substring(period + 1).tol』werCaseO,
} else { 
return null, 
public String getDescriptionO { 
return”Fas taファイノレ（安.fasta）ヘ
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import java. util. Collections, 
impo叫java.uもIl.regex.Matcher,










priva回 JTextFieldtextField 2; 
priva回JFileChooserfilecho沼田二 newJFileChooser（℃：￥￥cIINADa回”），
priva回 finalAction action二 new SwingActionO; 
priva回 finalAction action 1 二 new SwingAction 10, 
priva回 finalAction action 2 二 new SwingAction 20; 




priva回 ArrayList<FastaSequence>fastaList二 newArrayList<FastaSequence>O, 
priva回 ArrayList<FastaSequence>fastaList2二 newArrayList<FastaSequence>O, 
priva回目nalAction act凹n3二 newSwingAction 30; 
priva回 finalAction acti凹n4二 newSwingAction 40; 
/** 
* Launch the application 
*/ 
public static void main(String日args){ 
EventQueue.invokeLater(new RunnableO { 
public void runO { 
try { 
PrnfileA!ignmentbyC!ustal frame二 new ProfileA!ignmentbyC!ustalO, 
frame.setVisible(true); 




* Create the frame 
*/ 
public ProfileA!ignmentbyClustaIO { 
setilefaultC!oseOperation(JFrame.EXIT ON CLOSE), 
setBounds(lOO, 100, 571, 633); 
contentPane二 newJPaneIO; 
contentPane.setBorder(new EmptyBorder(5, 5, 5, 5））ヲ
setContentPane(contentPane); 
new日eqAdress二 new JTextFieldO, 
newSeqAdress.setColumns(lO); 
JLabel label 二 new 
JLabel("¥u65BO¥u305F¥u306B¥u30A2¥u30E9¥u30A4¥u30E1¥u30F3¥u30C8¥u3059¥u308B¥u7A2E¥u3092¥u542B¥u3080¥u30D5¥u30A9¥u30回
¥u30C。l’），
JButton btnNewButton 二 new JButton("¥u53C2¥u7167”）， 
btnNewButton.se凶ction(action);
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JButton button二 new JButton（”￥u53C2¥u7W7”）ヲ
button.setAction(action 1); 
orthologAdress 二 new JTextFieldO, 
orthologAdress.setText（℃：￥￥cDNAData¥¥origina凶lignments¥¥Prot￥￥”），
orthologAdress.setColurnns(lO); 
JLabel label 1 二 new JLabel（”￥u30AA¥u30FC:¥u30BD¥u30ED¥u30BO¥u30D5¥u30A9¥u30EB¥u30CO”）ヲ
JLabel label 2 二 new 
JLabel（”￥u30D7¥u30ED¥u30D5¥u30A1¥u30A4¥u30EB¥u30A2¥u30E9¥u30A4¥u30E1¥u30F3¥u30C8¥u6E08¥u307F¥u306E¥u7A2E¥u3092¥u542 
B¥u3080¥u30D5¥u30A9¥u30EB¥u30CO＇’）， 
もextField2 二 new JTextFieldO, 
回xtField2.setColumns(lO); 
JButton button 1 二 new JBut旬以”￥u53C2¥u7167"),
button LsetAction(action 2); 
JButton createBat 二 new JButton（”￥u30DO¥u30C3¥u30C1¥u30D5¥u30A1¥u30A4¥u30EB¥u4F5C¥u6210つ，
createBat.setAction(action 3); 
JScrollPane scrollPane 二 new JScrollPaneO, 
JButton btnMultiplealign 二 new JButt,n（”multipleAlignつ，
btnMultiplealign.setAction(action 4): 













Alignment.TRAILING, GroupLayout.DEFAULT SIZE, GroupLayout.DEFAULT SIZE，日hart.MAXVALUE) 
addComponent(label 1, 
Alignment.TRAILING, GroupLayout.DEFAULT SIZE, GroupLayout.DEFAULT SIZE, Short.MAX VALUE) 




add Comp ,nent(textField 2, Alignment.LEADING) 
add Comp onent(orthologAdress, Alignment.LEADING, GroupLayout.DEFAULT SIZE, 159, Short.MAX VALUE)) 
addComponent(newSeqAdress, 




GroupLayout.DEFAULT SIZE, GroupLayout.DEFAULT SIZE, Short.MAX VALUE) 
addComponent(button 1, 
Alignment.TRAILING, GroupLayout.DEFAULT SIZE, GroupLayout.DEFAULT SIZE, Short.MAX VALUE) 
addComponent(button, 





















































priva回 classSwingAction extends AbstractAction { 
public SwingActionO { 
｝ 
putValue(NAME，”参照”），
putValue(SHORT DESCRIPTION，”Some short description”）ヲ
｝ 
public void actionPerformedCActionEvent e) { 
filechooser. setFileSelectionMod e(JFileCho oser.・DIRECTORIESONLY); 
int selected二filechooser.showOpenDialog(contentPane); ／「開くJダイアログ表示
if (selected二 JFileChcoser.APPROVE OPTION){ 
File file 二 filechooser.getSeleetedFileO, 
new日eqAdress.setText(file.getAbsolutePathO）；ヲHラペノレの文字をファイノレ名に
priva回 classSwingAction 1 extends AbstractAction { 
public SwingAction 10 { 
｝ 
putValue(NAME，”参照”）ヲ
putValue(SHORT DESCRIPTION，”Some short descriptionつ，
｝ 
public void actionPerformed(ActionEvent e) { 
filechooser.setFileSelectionMode(JFileChc沼田DIRECTORIESONLY); 
int selected二filechooser.showOpenDialog(contentPane);I「開く」ダイアログ表示
削selected二 JFileChcoser.APPROVE OPTION){ 
日lef山 二filechooser.getSelecもedFileO,
orthologAdress.setText(file.getAbsolutePathO); Iラベノレの文字をファイノレ名に
priva回 classSwingAction 2 extends AbstractAction { 
public SwingAction 20 { 
｝ 
putValue(NAME，”参照”）ヲ
pu仇 lue(SHORTDESCRIPTION, "Some short description”）， 
｝ 
public void actionPerformed(ActionEvent e) { 
filechooser.setFileSelectionMode(JFileChooser.・DIRECTORIESONLY), 
int selected二filechooser.showOpenDialog(contentPane); I「開くJダイアログ表示
if (selected二二JFileChcoser.APPROVE OPTION){ 
日lefile 二 filechooser.getSelec回dFileO,
new日eqAdress.setText(file.getAbsolutePathO）；ヲHラベノレの文字をファイノレ名に
priva回 classSwingAction 3 extends AbstractAction { 
public SwingAction 30 { 
｝ 
puも.Value(NAME，”プロファイノレアライメント用パッチファイノレ作成＂） ，
putValue(SHORT DESCRIPTION，”Some short description”）， 
public void actionPerformed(ActionEvent e) { 
日lefile二 new File(newSeqAdress.geもTextO),
String fileParentAdress 二 file.getParentO; 
String ngslisも日 二file.listO; 
ArrayList al二 new ArrayListO; 
Array List scriptList 二 new An-ayListO, 









for (int j二o;j<al.sizeO;j++){ 
String fn 二（日tring)al.get(j),
String profile 二” isprofile”， 
String pl二” profilel二”＋fn;
String p2 二” profile2二叫orthologAdress.getTextO+fn,





for (int k二O;k<p1'e0rthologlist.length;k++){ 
工f(preOrthologlist[k] .indexOf(fn)I二 1){




String regex 二”FBgn. ￥￥（”十円安l’＋”￥￥）ぺ
Pattern p二 Pattern.compile(regex);
Matcher m 二 p.maもrher(fn),
















wnter = new BufferedWriter(new FileWriter(newSeqAd回目＋”preOrthologList.txt＂））ヲ






} catch (IO Exception el) { 




priva回 classSwingAction 4 extends AbstractAction { 
public SwingAction 40 { 
putValue(NAME，”マノレチプノレアライメント用ハッチファイノレの作成ウ，
putValue(SHORT DESCRIPTION, "Some short description”）ヲ
｝ 
public void actionPerformed<ActionEvent e) { 
日lefile= new File(newSeqAdress.geもTextO),
String fileParentAdress = file.getParentO; 
String ngslist日＝file.listO; 
ArrayList alニnewArrayListO; 
Array List script.List= new An-ayListO, 
ArrayList<String> doubledO叫holog= new ArrayListO, 
for(int i二o;i<ngslist.length;i++){
if (ngslist[i] .indexOf(”.fas”）？二 1){
al.add(ngslist[i]); 
／合





































public class NucAminoConverter extends JFi’ame { 
pnvaもeJPanel contentPane, 
privaもeJTextField textField; 




priva回 finalAction acti凹n二 newSwingActionO, 
priva回 finalAction action 1二 newSwingAction 10, 
priva回 finalAction acti凹n2二 newSwingAction 20; 
priva回 finalAction action 3 二 new SwingAction 30; 
priva回 finalAction action 4 二 new SwingAction 40; 
priva回 finalAction action 5 二 new SwingAction 50; 
/** 
* Launch the application 
*/ 
public static void main(String日args){ 
EventQueue.invokeLater(new RunnableO { 
public void runO { 
try { 
NucAminoConverter frame二 new NucAminoConverterO, 
frame.setVisible(true); 




* Create the frame 
*/ 
public NucAminoConverterO { 
setTitle（”￥u30A2¥u30DF¥u30CE¥u9178¥u3001¥u30CC¥u30AF¥u30EC¥u30AA¥u30C1¥u30C9¥u5909¥u63DB"), 
setDefaultCloseOperation(JFrame.EXIT ON CLOSE); 
setBounds(lOO, 100, 601, 476); 
contentPane二 newJPanelO; 
contentPane.setBorder(new EmptyBorder(5, 5, 5, 5）ヲ
setContentPane(con日ntPane);
もextField二 new JTextFieldO, 
回xtField.setColumns(lO);
JButton btnBrowse二 newJButton（”browse”）， 
btnBrowse.addA叫10nLi坑ener一








JScrollPane scrol!Pane 二 new JScrollPaneO, 
JButton btnNucconv 二 new JBu抗on("nucConv”）ヲ
btnNucconv.setAction(action 2); 
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JButton btnProconv 二 new JButton（”proConv”）， 
btnProcon双setAction(action3); 






JButton btnNewButton 二 new JButton("New button"), 
btnNewButton.se凶ction(action5); 







GroupLayout.DEFAULT SIZE, 563, Short.MAX VALUE) 
addGroup(gl contentPane.crea回SequentialGroupO
addGroup(gl contentPane.crea回Parale!Group(Alignment.TRAILING)
add Comp onent(textField 1, Alignment.LEADING, GroupLayout.DEFAULT SIZE, 397，日hart.MAXVALUE) 
addComponent(textField, GroupLayout.DEFAULT SIZE, 397, Short.MAX VALUE)) 
addPreferredGap(ComponentPlacement.RELATED) 
addGroup(gl contentPane.createParallelGroup(Alignment.LEADING) 
add Comp onent(btnAminofolder, GroupLayout.DEFAULT SIZE, 159, Short.MAX VALUE) 
addComponent(btnBrowse, GroupLayout.DEFAULT SIZE, 159, Short.MAX VALUE))) 
addGroup(gl contentPane.createSequentialGroupO 
addComponent(btnNucconv, 
GroupLayout.DEFAULT SIZE, 122, Short.MAX VALUE) 
addPreferredGap(ComponentPlacement.RELATED) 
addComponent(btnPrc conv, 
GroupLayout.DEFAULT SIZE, 140, Short.MAX VALUE) 
addPreferredGap(ComponentPlacement.RELATED) 
addComponent(btnReciprocal, 
GroupLayout.DEFAULT SIZE, 124, Short.MAX VALUE) 
addPreferredGap(ComponentPlacement.RELATED) 
addComponent(btnNewBu杭on,
GroupLayout.DEFAULT SIZE, GroupLayout.DEFAULT SIZE, Short.MAX VALUE) 


















addPrefer児 dGap(ComponentPlacemer.RELATED, 6，日ho叫 MAXVAI」UE） 












priva回 classSwingAction extends AbstractAction { 
public SwingActionO { 
puも.Value(NAME，”ヌクレオチド参照”）ヲ




public void actionPerformed(ActionEvent e) { 
JFileChooser filechooser 二 new JFileChooser（℃：￥￥cDNADa回”）ヲ
filechooser. setFileSelectionMod e(JFileCho aser.・DIRECTORIESONLY); 
int selected二 filechooser.showOpenDialog(contentPane); ／「開くJダイアログ表示
if (selected二二JFileChcaser.APPROVE OPTION){ 
もextField. setText(filechooser. getSelectedFileO. getAbsol u回PathO),
／合
File file 二 new File（回xtFieldLgetTextO), 
StringO filelist二二file.listO;
for (int i~o;i＜白lelist.length ; i++){
tex凶Tea.append（且lelist[i]),
｝吋
priva回 classSwingAction 1 extends AbstractAction { 





public void actionPerformed(ActionEvent e) { 
JFileCho aser filechooser 二 new JFileChooser（℃￥￥cDNADa回”），
filechooser.setFileSelectionMode(JFileChc ,ser.DIRECTORIES ONLY); 





priva回 classSwingAction 2 extends AbstractAction { 





public void actionPerformed(ActionEvent e) { 
try { 
Pl'OteinCreator.nucToAmino（匝xtField.getTextO,checkBox.isSelectedO）ヲ
} catch (FileNotFoundException el) { 
I TODO Auto generated catch block 
el.printStackτ旨aceO;
} catch (IO Exception el) { 
I TODO Auto generated catch block 
el.printStackτ'taceO; 
priva回 classSwingAction 3 extends AbstractAction { 




public void actionPerformed(ActionEvent e){ 
try { 
NucConverter.aminoToNuc(textField 1.getTextO,checkBox.isSelectedO); 
} catch (FileNotFoundException el) { 
I TODO Auto generaもedcatch block 
el.printStackτ'raceO; 
} catch (IO Exception el) { 
I TODO Auto generaもedcatch block 
el.printStackτ＇raceO; 
priva回 classSwingAction 4 extends AbstractAction { 
public SwingAction 40 { 
putValue(NAME，”双方向へ変換”），
pu仇 lue(SHORTDESCRIPTION, "Some short description”）， 
public void actionPerformed(ActionEvent e) { 
｝ 
priva回 classSwingAction 5 extends AbstractAction { 
public SwingAction 50 { 
putValue(NAME，”終始コ ドンを除くつヲ
pu仇 lue(SHORTDESCRIPTION, "Some short description”）， 
｝ 
public void actionPerformed(ActionEvent e) { 
try { 
PrnteinCreator.removeSもopcodon(textField.getTexも0）ヲ
} catch (FileNotFoundException el) { 
I TODO Auto generaもedcatch block 
el.printStackτ'taceO; 
} catch (IO Exception el) { 












import Java.a wt*, 
import java. util.ArrayList; 
import java.util.List; 
import Java.a wt event合，
import Java.10合，
importjava.util.*, 
import java. util.regex.Matcher, 
import java. util.regex.Pa抗ern,
public class NucConverter extends JF:rame implements ActionListener { 
priva回 JTextAreatextArea 二 new JTex凶i-eaO;
priva回 JTextFieldspecies二 new JTextField(lO), 
／／プログラム実行部分
priva回 JButtoncheck二 newJButton （”ヌクレオチド配列を保存”），
priva回 JButtonpreOrtholog 二 new JButton（”前回のプロファイノレアラインメントフォルダ”），




priva回 ArrayList<String>doubledOrthologList二 newArray List＜日tring>Q；／／重複した遺伝子名のリスト
priva回目凶ngpreOrthologAdress; 
priva回目tringgenomeAdress二 l’C:¥¥cDNAData¥¥origina凶lignments￥へ
priva回 booleanpreOrthologCheck 二 false, 
public NucConve叫erO{ 
/** 




JPanel panell 二 new JPanelO, 
ヲ









* @param ar gs 
*/ 
public static void main(String日args){ 
I TODO Auto-generated method stub 
new NucConverterO.setVisible(true); 
／［聞く］［保存］ボタンが押された時の処理




} catch (IO Exception e) { 
I TODO Auto-generated catch block 
e .printStackTraceO; 
}else if (event.getSourceO.equals(preOrtholog)){ 
try { 
openPreorthologO, 
} catch （日leNotFoundExceptione) { 
I TODO Auto generaもertcatch block 
e.printStackTraceO; 
} catch (IO Exception e) { 





priva回 voidopenPreorthologO throws IO Exception { 
chooser.setFileSelectionMode(JFileChooser.DIRECTORIES ONLY）ヲ
int return Val 二 chooser.showOpenDialog(this); 
if (return Val二 JFileChooser.APPROVEOPTION){ 
日lefile二 chooser.getSelectedFileO; 
preOrthologAdress二且le.getAbsolutePathO,
日leReaderfreader 二new FileReader(preOrthologAdress ＋”￥￥proもpreOrthologList.txt”）， 








public void checkO throws FileNoもFoundException,IOException{ 
chooser.setFileSelectionMc ae(JFileChooser.DIRECTORIES ONLY); 
int return Val 二 chooser.showOpenDialog(this); 
｝ 





public static void amino甲oNuc(StringfileAchess,boolean profilealign) throws FileNotFoundException,IOException{ 





















if ((ntlist[il.indexOf（”.fas ta”）1二 1) { 
nl.add(ntlist[i]); 
else { 

















for (int k二O;k<al.sizeO;k++){ 
Hアラインメント後のアミノ酸
日lelnputStreamaainput 二new FilelnputStream(new File(fileAdress ＋＂￥￥叫 al.get(k))),
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List<FastaSequence> aafastaList 二SequenceUtil.readFasta(aainput), 
String regex 二 ”FBgn. "; 
Pa此ernpt二 Pattern.compile(regex), 
Matcher mt二 pt.matcher(al.get(k)); 




List<FastaSequence> ntfastaList 二 new Array List(), 
for (int J二o;J<nl.sizeO;J++){
if(nl.get(l) .index Of(fastaN ame)I二 1){




File inputOrtholog 二 new File匂enomeAdress+ fastaName＋”.fasta"), 
if (inputOrtholog.exis旬。 二二false){







for (int m二o;m<doubledOrthologList.sizeO;m++){ 
工f(al.get(k).equals(doubledOrthologList.get(m)){
nt12input 二 ne、v 日lelnputStream(new
File(preOrthologAdress ＋”￥￥”＋ al.get(k))), 
ntGenomeFastaList 
















nt'fl ansla tedLis t二 回 wArray！」叫（），
for (int n二o;n<n tfastaList.sizeO ;n++ ){
String aaseq 二 aafastaList.get(n).getSequenceO, 
String n臼eq二 ntfastaList.get(n).getSequenceO; 








nt'fl・anslatedList 二 (ArrayList<FastaSequence>) sortLength(n口＇ranslatedList),
H複数ヒットコンティグの結合
ArrayList<FastaSequence> aadouble 二 new Array List(), 
ArrayList<FastaSequence> ntdouble 二 new Array List(); 
String shareSp=nulL 
for (int p二o;p<aafas回I」st.sizeO;p++){ 
shareSp二 aafas回List.get(p).getldO.substring(0,4),

































String contigld二 川 ，
for (inti二o;i<aadouble.sizeO;i++){





StringBuilder aacsb二 newStringBuilder(aaconnectSeq), 
for (intr二1;r<aadouble.sizeO;r++){













String ntconnectSeq 二 ntdouble.get(O).getSequenceO, 
StringBuilder ntcsb 二 new StringBuilder(ntconnectSeq), 










newAAlist 二 new ArrayListO, 















else if(connecta ble二二false){ 









String outfilename二 fileParentAdress＋”￥￥aligned”＋ fastaName ＋”.fas回”，








priva回 staticList<FastaSequence> sortLength(List<FastaSequence> ntTranslatedList) { 
Colections.sor怜1tTranslatedList,newFastaComparaもorO）；ヲ
int lengthO二 n口＇ranslatedList.get(O).getLengもhO;
ArrayList<FastaSequence> lengthmod 二 new ArrayListO, 
lengthmod.add (new FastaSequence(ntTl:anslatedList. get(O). getld O ,n口＇ransla日dList.get(O) .getSequenceO) ),
for (int FLx<nt百・anslaもedList.sizeO;x++){ 
｝ 
int lengthl 二 ntTl:anslatedList.get(x).getLengthO, 
String modseq 二 null; 
if(JengthO<lengthl){ 
modseq 二 ntTl:anslatedList.get(x).getSequenceO.substring(O,lengthO), 
else { 
modseq 二 ntTl:anslatedList.get(x).getSequenceO, 
｝ 














import Java.a wt*, 




import java. util.regex.Matcher, 
import java. util.regex.Pa抗ern,
@Suppress Warnings（＇’serial”） 
public class Protein Creator extends JF:rame implements ActionListener{ 
pnva回 JTextAreatextArea 二 new JTex凶i-eaO,
priva回 JTextFieldspecies二 new JTextField(lO), 
／／プログラム実行部分
priva回 JButtoncheck二 newJButton （”アミノ酸配列を保存”），
priva回 JFileChooserchooser二 回 W JFileChooser（”C:¥¥cDNAData”）ヲ





setDefaultCloseOperation(JFrame.EXIT ON CLOSE); 
set日ize(S00,600);
JPanel panell 二 new JPanelO, 







public static void main(StringO args) { 
new ProteinCreatorO.seもVisible(true),
／［聞く］［保存］ボタンが押された時の処理




} catch (IO Exception e) { 
I TODO Auto generated catch block 
e.printStackτ'taceO; 
／／ファイノレを保存するメソッド
priva回 voidsaveO { 
int return Val二 chooser.showSaveDialog(this),
try { 
if (return Val二二JFileChooser.APPROVEOPTION) { 
｝ 
日leWriter fWriter 二 new FileWriter(chooser.getSelectedFileO), 





} catch (FileNotFoundException event) { 
event.printStackτ'taceO: 




privaもevoid checkO throws FileNotFoundException,IOException { 
｝ 
chooser.setFileSelectionMode(JFileChooser.DIRECTORIES ONLY）ヲ
int return Val二 chooser.showOpenDialog(this); 
be olean prnfilealign二 true,
if (return Val二二JFileChooser.APPROVEOPTION){ 
日lefile二 chooser.getSelectedFileO; 
se口'itle(file.getJ主bsolutePaもhO);
String fileAdress 二 file.getAbsolu回Path0, 
nucToAmino(fileAdress, profilea!ign); 
public static void nucτbAmino(String fileA,hess,boolean profi:lealign) throws FileNotFoundException,IOException{ 
日lef山 二newFile（且leAdr田 s);
｝ 
String f山 ParentAdress二 file.getParentO,
String ntlist日二file.listO;












int count 二 0, 
for (int i~o; i<al.sizeO; i++) { 
String infilename二 fileAdressド＇￥￥叫 al.get(i),
FilelnputStream input二 newFilelnputStream(inf由 name);
Lisも.＜FastaSequence>fastaList二日equenceUtil.readFas回（input),
input.closeO; 
ArrayList<FastaSequence> proList二 newArrayList<FastaSequence>O, 
for (int j二o;j<fastaList.sizeO;j++){
｝ 
String seq二 fastaList.get(j).getSequenceO.toStringO, 
String name二 fastaList.ge吋）.getidO;
Hアミノ酸シーケンスの作成
DNASequence ds 二 new DNASequence(seq）ヲ








String outf：由name二 f出Adress＋”¥'1-prot¥'1-”＋ al.get(i), 
OutputStream os 二 new FileOutputStream(outfilename); 
Sequence Util. writeFasta(os, prnList); 
os.closeO; 
count++, 
public static void removeStopcodon(String ileAdress）もhrowsFileNotFoundException,IOException{ 
日lefile 二 new File（白leAd四 ss);
String fileParentAdress 二 file.getParentO, 
String ntlist日二 file.listO; 
ArrayList al二 new ArrayListO; 
for(int j二o;j<ntlist.length;j++){
｝ 
if (ntlistLl] .index Of(”.fas＂）＇二 1){
al.add(ntlistQ]); 
int count 二 0, 
for (int i~o; i<al.sizeO; i++) { 
String infilename 二 fileAdressド＇￥￥”＋ al.get(i), 
FilelnputStream input二 new FilelnputStream(infilename); 
List<FastaSequence> fastaList二日equenceUtil.readFasta(input),
input.closeO; 
ArrayList<FastaSequence> modList 二 new ArrayList<Fas回目equence>O,
for (int j二o;j<fastaList.sizeO;j++){
String seq二 fastaList.get(j).getSequenceO.toStringO, 
String name二 fastaList.ge吋）.getidO;
Hアミノ酸シーケンスの作成
DNASequence ds 二 new DNASequence(seq), 
RNASequence rs二 ds.getRNASequenceO; 
ProteinSequence ps二 rs.getProteinSequenceO,
String amino二 ps.getSequenceAsStringO;
StringBuilder sb二 newStri時 Builder(seq),






int s 二 (k ns加p）勺 L
int e 二 (k nstop）勺＋2,
if (s<O){ 
sb.delete(s, e), 




Fas回目equencemodFs 二 new FastaSequence(name,sb加 StringO),
modList.add(modFs); 
String outfilename 二 fileAdress ＋”￥￥stopRemoved”＋ al.get(i), 
OutputStream os 二 new FileOuもputStream(outfilename）；ヲ












public class FastaComparator implements Comparator<FastaSequence>{ 
public FastaComparaもorO{ 
I TODO Auto generated constructor stub 
｝ 
public int compare(FastaSequence fO, FastaSequence fl) { 
I TODO Auto generated method stub 
int 1二白日getLengthO;
int 12二 f1.getLengthO; 
if(l>l2){ 
return L 




































public class MakeFastaDB extends JFiame { 
pnvaもeJPanel contentPane, 
privaもeJTextField txtSetfolder, 
priva回 finalAction action二 newSwingActionO, 
priva回 finalAction acti凹n1二 newSwingAction 10, 
privaもeJTextField textField; 
priva回 finalAction action 2二 newSwingAction 20, 
privaもeJTextField textField L 
/** 
* Launch the application 
*/ 
public static void main(String日args){ 
EventQueue.invokeLater(new RunnableO { 
public void runO { 
try { 
MakeFastaDB frame二 new MakeFastaDBO, 
frame.setVisible(true); 




* Create the frame 
叶
public MakeFastaDBO { 
seも.Title（”Fasta¥u30D5¥u30A1¥u30A4¥u30El3¥u306E¥u4EOO¥u62EC¥u5316＇’），
setDefaultCloseOperation(JFrame.EXIT ON CLOSE）；ヲ
setBounds(lOO, 100, 501, 425); 
conもentPane二 new JPanelO; 
contentPane.setBorder(new EmptyBorder(5, 5, 5, 5), 
seもContentPane(contentPane);
JScrollPane scrol!Pane 二 new J日目叫lPaneO,
txtSetfolder 二 new JTextFieldO, 
txtSetfolder.setText("setFolder”）， 
txtSetfolder.setColumns(lO）；ヲ
JButton btnSetfolder 二 new JButton（”参照”），
btnSetfolder.addActionLis回ner(newActionListenerO { 








public void actionPerformed(ActionEvent argO) { 
｝ 
｝）， 
もextField二 new JTextFieldO, 
回xtField.setColumns(lO);
JButton btnNoも3叫ho二 new JButton（”notOrthoウ，
btnNotortho.addActionListener(new ActionListenerO { 
｝）， 
public void actionPerformed(ActionEvent argO) { 
｝ 
btnNotortho.setAction(action 2), 
JLabel label二 new JLabel（”￥u 7 A2E¥u540Dつ，
もextField1 二 new JTextFieldO, 
回xtField1.setColumns(lO); 















GroupLayout.DEFAULT SIZE, 341, Short.MAX VALUE) 
addComponent(txtSetfolder, 




GroupLayout.DEFAULT SIZE, 115, Short.MAX VALUE) 
addComponent(btnNotortho, 
GroupLayout.DEFAULT SIZE, GroupLayout.DEFAULT SIZE, Short.MAX VALUE)) 
GroupLayout.DEFAULT SIZE, 463, Short.MAX VALUE) 
addComponent(scrollPane, Alignment.TRAILING, 

























addComponent(label, GroupLayout.PREFERRED SIZE, 16, 
addComponent(textField 1, 
GroupLayout.PREFERRED SIZE, GroupLayout.DEFAULT SIZE, GroupLayout.PREFERRED SIZE) 
Short.MAX VALUE) 
｝ 
Jτ'extArea textArea 二 new JTextAreaO, 
scrnllPane.setViewportView(textArea); 
contentPane.setLayout(gl contentPane), 
priva回 classSwingAction extends AbstractAction { 
public SwingActionO { 
addGap(18) 






putValue(SHORT DESCRIPTION, "Some short description”）ヲ
｝ 
public void actionPerformedCActionEvent e){ 
JFileChooser filechooser 二 new JFileChooser（℃：￥ cDNADa回”）ヲ
filechooser.setFileSelectionMode(JFileChc沼田・DIRECTORIESONLY); 
int selected二 filechooser.showOpenDialog(oontentPane); ／「開くJダイアログ表示
削selected二二JFileChcaser.APPROVE OPTION){ 
txtS etfolder. setText(filechooser. getSelectedFileO. getAbsolutePath O); 
priva回 classSwingAction 1 extends AbstractAction { 
public SwingAction 10 { 
putValue(NAME, ＇’DB用fastaの生成”），
putValue(SHORT DESCRIPTION，”Some short description”）， 
｝ 
public void actionPerformed(ActionEvent e){ 
try{ 
String fileAd 二 t.xtSeもfolder.getTextO,
File file 二 new File（白leAd);
File[] fastalist 二 file.listFiles(new FastaNameFilterO), 
StringO namelis:t二 file.list(newFastaNameFilもerO);
List<FastaSequence> dbfastalist二 newArrayListO; 





String spname二 textField1.getTextO, 
for (int j二o;j<fastaList.sizeO;j++){
工f(fastaList.get(j).getldO.indexOf(spname) 1二 1){
String id 二 FbgnFilter.lbgnfil回 （namelist[i]) ＋””＋ 
FbgnFilもer.parenthesisfilもer(fas回List.get(j).get!dO),
dbfastalist.add(new 













List<FastaSequence> alcontigList 二 new ArrayListO, 
for (int i二o;i<notOrthoList.sizeO;i++){
Stri時 seq二 notOrthoList.get(i).getSequenceO,
seq 二 seq. r eplaceA11（＂￥￥…•）；
seq二 seq.replaceAll（＂一”，＂”）ヲ
seq 二 seq.replaceAll("X”ア），
seq 二 seq.replaceAJ1(＂￥￥？”，＂）， 
alc ,ntigList.add(new FastaSequence(notOrthoList.get(i). getld O ,seq)）ヲ
String alc,ntigAd二 fileAd＋”￥￥alc,ntigsMod.fas回”，
os 二 new FileOutputStream(alcontigAd); 
Sequence U ti!. writeFasta (os, alc ontigList), 
os.closeO; 
} catch (IO Exception el) { 
I TODO Auto generaもedcatch block 
el.printStackτ'raceO; 
priva回 classSwingAction 2 extends AbstractAction { 
public SwingAction 20 { 
putValue(NAME，”非オーソログfasta"),
putValue(SHORT DESCRIPTION, "Some short description”）ヲ
｝ 
public void actionPerformedCActionEvent e){ 
JFileChooser filechooser 二 new JFileChooser（℃：￥￥cDNADa回”）ヲ
filechooser.setFileFilter(new FastaFilterO); 
int selected二 filechooser.showOpenDialog(oontentPane); I「開くJダイアログ表示
if (selected二二JFileChcoser.APPROVE OPTION){ 
もextField. setText(filechooser. getSelectedFileO. getAbsol u回PathO),
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priva回 finalAction action二 newSwingActionO, 
priva回 finalAction action 1二 newSwingAction 10, 
priva回 JTextFieldtxtSe臼aveorthologfolder,
priva回 JButtonbtnNewButton L 
priva回 finalAction action 2二 newSwingAction 20, 
priva回 JTextFieldtxtDsもe,
privaもeJButton btnSave, 
priva回 finalAction action 3二 newSwingAction 30, 
privaもeJScrollPane scrol!Pane L 
privaもeJTextArea textArea L 
/** 
* Launch the application 
*/ 
public static void main(String日args){ 
EventQueue.invokeLater(new RunnableO { 
public void runO { 
try { 
Reciproca!Blast frame 二 new ReciprocalBlastO, 
frame.setVisible(true); 




* Create the frame 
*/ 
public ReciprocalBlastO { 
setDefaultCloseOperation(JFrame.EXIT ON CLOSE); 
setBounds(lOO, 100, 566, 480); 
contentPane二 newJPanelO; 
contentPane.setBorder(new EmptyBorder(5, 5, 5, 5）ヲ
seもContentPane(conもentPane);
txtSetfolder 二 new JTextFieldO, 
txtSetfolder.setText（”setOutFile”）， 
txtSetfolder.se山 lumns(lo);
JButton btnNewButton 二 new JButton("New button"), 
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btnNewButton.se凶ction(action),
JScrollPane scrollPane 二 new JScr叫lPaneO,








































bもnNewButtθn1 二 new JButton（＇’New button”）， 
btnNewButton 1.setAction(action 2）；ヲ
JLabel label二 new JLabel（”￥u 7 A2E¥u540Dつ，
txtDste 二 new JTextFieldO, 
txtDste.setText("dste”）， 
txtDste.setColunms(lO); 
btnSave 二 new JButton("save”）， 
b回目ave.setAction(action3); 
Alignment.LEADING, GroupLayout.DEFAULT SIZE, 408，日hort.MAXVALUE) 
scrollPane 1 二 new JScrollPaneO, 






408, Short.MAX VALUE)  
addComponent(txtSetfolder, GroupLayout.DEFAULT SIZE, 









add Component（凶 Dsもe, GroupLayout.PREFERRED SIZE, 
addComponent(btnNewButton, 



































addComponent(txtDste, GroupLayout.PREFERRED SIZE, 
GroupLayout.DEFAULT SIZE, GroupLayout.PREFERRED SIZE)  












もextArea1 二 new JTextAreaO, 
scrolPane 1.seもViewportView(tex凶ma1), 
もextArea二 new JTextAreaO, 
scrolPane.setViewportView(textArea), 
contentPane.setLayout(gl rontentPane), 
priva回 classSwingAction extends AbstractAction { 
public SwingActionO { 
｝ 
putValue(NAME, ＇’outファイノレ参照”），
putValue(SHORT DESCRIPTION, "Some short description”）ヲ
｝ 
public void actionPerformedCActionEvent e) { 




txtSetfolder. setText(filechooser. getSelectedFileO. getAbsolutePaも.hO);
priva回 classSwingAction 1 extends AbstractAction { 





public void actionPerformed(ActionEvent e) { 
try { 
reciprocal二 checkReciprocal(txtSetfolder.getTextO）ヲ
for (int i二o:i＜回目procal.sizeO:i++){ 
textArea.append(recipr℃cal.get(i) ＋”￥n"), 
int count二 reciprocal.sizeO, 
もextArea.append（”遺伝子数 ”＋count）ヲ
} catch (IO Exception el) { 
I TODO Auto generaもertcatch block 
el.printStackτ'taceO; 
priva回A工TayList＜日tring>checkReciprocal(String fileAd) throws IO Exception { 
日leReader!Reader: 
!Reader 二 new FileReader(fileAd), 




int hitCount 二 o; 








while ( line.indexOf(”Effective search space used: ”）二 1 ){
line 二 bReader.readLineO: 
／／プラストヒットした場合の処理
工f(line.indexOf("Sequencesproducing significant alignmen白”） 1二一1){








else if(line.indexOf(”No hits found＇’M二一1){
／／遺伝子内情報を集めた後、seqDataの生成










ArrayList<String> modlist 二new ArrayListO, 
for (int i~o ;i＜凹cip. sizeO Li++){ 
} 
return modlist; 




priva回 classSwingAction 2 extends AbstractAction { 




pu仇 lue(SHORTDESCRIPTION, "Some short description”）ヲ
｝ 
public void actionPerformed(ActionEvent e) { 
JFileChooser filechooser 二 new JFileChooser（℃：￥ cDNADa回”）ヲ
filechooser.setFileSelectionMode(JFileChooser.DIRECTORIES ONLY), 
int selected二 filechooser.showOpenDialog(contentPane); ／／「開くJダイアログ表示
if (selected二 JFileChcaser.APPROVE OPTION){ 
txtSetsaveorthologfolder.setText(filechooser.getSelectedFileO.getAbsolutePathO), 
priva回 voidSaveReciprocal(String savead,ArrayList<String> reciprocal,String spname）もhrowsIOException{ 
日lefile 二 new File(savead); 
}*/ 
String日orthologlist二 file.list(new FastaNameFilterO), 
for (int i二o;i<orthologlist.length;i++){
for (int j二o;j<reciprocal.sizeO;j++){
if (orthologlist[i] .indexOf(reciprocal.getG) )T二 1){
System.out.println(orthologlist[i] ＋”一致しました。＂），









日letarget 二 new File(savead ＋”￥￥reciprocal￥￥”＋ orthologlist[i]), 
FileOutputStream output二 new FileOutputStream(tar官et);
SequenceUtil.wri日Fas回（output,r田iprocalist);
OUもput.closeO;
priva回 classSwingAction 3 extends AbstractAction { 
public SwingAction 30 { 
puも.Value(NAME，”レシプロカノレの移動スクリプト”），
pu仇 lue(SHORTDESCRIPTION, "Some short description”）， 
public void actionPerformed(ActionEvent e) { 
moveScript(txtSetsaveo叫hologfolder.getTextO,reciprocal)ヲ
｝ 
priva回 voidmoveScript （呂町mgsavead,ArrayList<String> r配 iprocal){
日lefile 二 new File(savead); 
String日orthologlist二 file.list(new FastaNameFil日rO),
for (int iニo;i<orthologlist.length;i十）｛
for (intj二o;j＜凹 cipr凹 al.sizeO;j++){
if (orthologlist[i] .indexOf(reciprocal.getG) )T二一1){
Sysもem.out.println(orーも.hologlist[i]＋”一致しました。＂），
回xtAreaLapp叩 d（”move" + orthologlist[i] ＋””＋ savead ＋”￥￥recipro四 l＇’＋＂￥ n”）ヲ
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imporもjava.ma th. BigDecimaL 
import java. util.ArrayList; 
imporもjava.util.Arrays;














public class DistanceMatrixMaker exもendsJFi・ame { 
pnva回 JPanelcontentPane, 
privaもeJTextFieldもextField;
priva回 finalAction action二 newSwingActionO, 
privaもeJTextField textField L 
priva回 finalAction action 1二 newSwingAction 10, 
JTextAi・ea txtrA!ignscore, 
JTextAi・ea textAi・ea, 
JTextAi・ea textAi・ea 1, 
/** 
* Launch the application 
*/ 
privaもeArrayList<FastaSequence> fastaList, 
priva回 finalAction action 2二 newSwingAction 20, 
public static void main(StringD args) { 
EventQueue.invokeLater(new RunnableO { 
public void mnO { 
try { 
DistanceMatrixMaker frame二 new Dis回nceMatrixMakerO, 
frame.setVisible(tme); 




* Create the frame 
*/ 
public DistanceMatrixMakerO { 
setDefaultCloseOperation(JFrame.EXIT ON CLOSE); 
setBounds(lOO, 100, 535, 772); 
contentPane二 newJPanelO; 
contentPane.setBorder(new EmptyBorder(5, 5, 5, 5）ヲ
seもContentPane(conもentPane);
JButton btn日etfolder二 new JButton("setFolder”）， 
btnSetfolder.setAction(action); 
もextField二 new JTextFieldO, 
textField.setColumns(lO); 
88 
もextField1 二 new JTextFieldO, 
回xtField1.setColumns(lO); 
JButton btnAminodistance 二 new JButton（、minoDistanceつ，
b回Aminodistance.setAction(action1）；ヲ
JScrollPane scrol!Pane 二 new JScrollPaneO, 
JScrollPane scrol!Pane 1 二 new JScrollPaneO, 
JScrollPane scrol!Pane 2 二 new JScrollPaneO, 





addComponent(textField 1, Alignment.LEADING, 
GroupLayout.DEFAULT SIZE, 329，日hart.MAXVALUE) 





173, Short.MAX VALUE) 
addComponent(bもnAminodis回nee,
GroupLayout.DEFAULT SIZE, 173, Short.MAX VALUE))) 
）， 
addComponent(scrollPane, GroupLayout.DEFAULT SIZE, 509, Short.MAX VALUE) 
addComponent(scrollPane 1, GroupLayout.DEFAULT SIZE, 509, Short.MAX VALUE) 






addComponent(textField, GroupLayout.PREFERRED SIZE, 




GroupLayout.PREFERRED SIZE, GroupLayout.DEFAULT SIZE, GroupLayout.PREFERRED SIZE) 
.addComponent(btnAminodi四国田e)
addPreferredGap(ComponentPlacement.RELATED) 
addComponent(scrollPane, GroupLayout.PREFERRED日IZE, 217, 
GroupLayout.PREFERRED SIZE) 
addPreferrertGap(ComponentPlacement.RELATED) 




もextArea1 二 new JTextAreaO, 
scrol!Pane 2.setViewportView(textArea 1), 
textArea 二 new Jτ'extAreaO, 
scrol!Pane 1.setViewportView(textArea), 




addComponent(scrollPane 2, GroupLayout.DEFAULT SIZE, 224, 
priva回 classSwingAction extends AbstractAction { 
public SwingActionO { 
putValue(NAME，”ヌクレオチド距離”）ヲ
pu仇 lue(SHORTDESCRIPTION, "Some short description”）ヲ
public void actionPerformed(ActionEvent e) { 
JFileCho oser filechooser 二 new JFileChooser（”C:¥¥cDNADa回”）ヲ
filechooser.setFileSelectionMode(JFileChooser.DIRECTORIES ONLY), 
int selected二 filechooser.showOpenDialog(contentPane); ／／「開くJダイアログ表示
try { 
if (selected二二JFileChc oser.APPROVE OPTION){ 
File file二 filechooser.getSelectedFileO, 
String fileAdress 二 file.getAbsolutePathO, 
textField.setTexも（fileAdress);
String ntlist日二file.listO;
Array List nl 二 new ArrayListO; 
for(int i二o;i<ntlist.lengもh;i++){
｝ 
工f(ntlist[i] .indexOf(”.fas”）1二 1){ 
nl.add(ntlist[i]); 
Array List scoreList 二 new ArrayLisも0,
for (int n二O,.n<nl.sizeO;n++){
String infilename 二 fileAdress ＋哩￥”＋ nl.get(n), 











scoreList. get(i) .getN ameScoreO＋”￥n”）， 
//Colections.sort(scoreList,new ScoreComparatorO), 
Colections.sort(scoreList); 




} catch (FileNotFoundException event) { 
event. printStaclζτ'taceO; 
} catch (IO Exception event) { 
event. printStaclζτ'taceO, 
} catch (Exception el) { 
I TODO Auto generaもertcatch block 
el.printStackτ'taceO; 
｝ 
priva回 classSwingAction 1 extends AbstractAction { 
public SwingAction 10 { 
putValue(NAME，”アミノ酸距離”），
putValue(SHORT DESCRIPTION，”Some short description”）ヲ
｝ 
public void actionPerformed(ActionEvent e) { 




if (selected二二JFileChc oser.APPROVE OPTION){ 
File file二 filechooser.getSelectedFileO, 
String fileAdress 二 file.ge色AbsolutePathO,
textField 1.setText(fileAdress）；ヲ
String aalist日二file.listO; 
Array List al二 new Array LisもO;
for(int i二o;i<aalist.length;i++){
工f(aalist[i] .indexOf(”.fas”）1二 1){ 
al.add(aalist[i]); 
Array List scoreList 二 new ArrayListO, 
Array List paralogScoreList 二 new ArrayListO, 
Array List stopCodonList 二 new ArrayListO; 
for (int n二O,n<al.sizeO;n++){
String infilename 二 fileAdress ＋”￥￥”＋ al.get(n), 
FilelnputStream input二 new FilelnputStream(inf1lename), 
List<FastaSequence> fastaList二日equenceUtil.readFas回（input）ヲ
input.closeO; 











paralogScoreList.add(new ScoreData((String)al.get(n),paraS ore)), 
llstop codonカウント







for (int i~O;i<scoreList .sizeO;i++){ 
txtrA!ignscore.append(((Sco四 Da回）scoreList.get(i)).getNameScoreO＋”￥n＇’L 
textArea.append(((ScoreData) 
textArea 1.append((ScoreData) stopCodonList.get(i)).getNameScore0+"¥n”）， 
｝ 
} catch （日leNotFoundExceptionevent) { 
event.printStackTraceO; 
} catch (IO Exception event) { 
event.printStackTraceO, 
} catch (Exception el) { 
I TODO Auto-genera日dcatch block 
el.printStackTraceO; 
? ???











case’A’－seqlist[i] Ll]二 Lbreak, 
case’G':seqlist[i] Ll] 二 2;break; 
case’c’－seqlist[i] Ll]二 3;break; 
case 'T':seqlist[i] Ll]二 4;break; 
case’p -seqlist[ilrj] 二 o;b四 ak;
case’N':seqlist[il Ll] 二 o;br唱ak,




int seqlist［］日二newint[fastalist.sizeO] [fastalist.get(O) .getLengthO], 






四 se’A’－seqlist[i]Ll] 二 Lbreak, 
四 se'C':seqlist[i] Ll]二 2;break; 
四 se’D':seqlist[ilLl] 二 3;break; 
四 se'E':seqlist[i] Ll]二 4;break; 
四 se'F':seqlist[i] Ll]二 s;break;
四 se’G':seqlist[i]Ll] 二 6;break, 
四 se’H’－seqlist[i]Ll]二 7;break;
四 se'l':seqlist[i] Ll]二 s;break; 
四 se’K':seqlist[ilLlJ二日，；break,
四 se'L':seqlist[i] Ll]二 lQ;break,
四 se’M':seqlist[i]LlJ二 lLbreak,
case’N':seqlist[i]Ll] 二 12;br唱ak;
case’P seqlist[i] Ll]二 13;break; 
case’Q':seqlist[i]Ll] 二 14;break; 
case’R’－seqlist[i] Ll] 二 15;break; 
case’s’－seqlist[i] [j] 二 16;break; 
case 'T':seqlist[i] [j] 二 17;b四 ak;
case’v’－seqlist[i] [j] 二 lS;break; 
case’w・:seqlist[i】］[j]二 19;br唱ak,
case 'Y':seqlist[i] [j] 二 2o;break; 
case申－seqlist[i][j] 二 2Lbr唱ak;
default: seqlisも［i][j] 二 o;break; 
｝ 
pnva回 doubleOOcompu日PDistance(intseqlist日）｛
double pdistanceMatrix日日二 new double[seqli叫 length][seqlis t.length], 
for (int i二o;i<seqlist.length;i++){
｝ 





工f((seqlist[il[k] I二0)&& (seqlist[j][k] I二o)){
nl++; 
｝ 
double p 二 dif/nl, 
if (nl二二o){
p二O,





priva回 doublegetParalogScore (int seqlist［］日，intgenomelist日）｛
double score二 o; 
for (int j二o;j<genomelist[O].length;j++){ 
//12種聞で1サイトについてチェック
int same二 0, 
for (int i~O;i<genomelist.length ・Li++){ 










pnva回 intgetStopCodon (int日 seqmat){
int stop codons 二 o; 
for (int i~O;i<seqmat.lengもh ;i++){
for (int j二o;j<seqmat[i].length;jH){
} 
return stop odons, 
if (seqmat[i]u]二二21){
stopcadons++, 
if(genomelist[O]O] 1二 seqlist[iluD{ 
score++; 








double refarensAve 二 psum/n, 
if (refarensAve < 0.01){ 
n++, 
refarensAve 二 O.OL 
｝ 
System.out. println(refarensAve), 
doubleO scores二 new double[dis回nceMatrix.length],
for (int i~O;i<distanceMatrix.length;i++){ 
／／対象種のp平均値を計算
n 二 0, 
psum 二 0, 






double targetAve 二 psum/n, 
scor℃s [i] 二 targetAve; 
Arrays.sort(scores), 
Sysもem.out.println(scores [s回目s.length 1 ]), 
return scores[scores.length 1] / refarensAve, 
class ScoreData { 
private String fastaname, 
private double score; 
ScoreDataO { 
I TODO Auto-generated constructor stub 
｝ 








return fasもaname＋＇’ score. ”＋ score, 
class ScoreComparator implements Comparator<ScoreData> { 
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public int compare(ScoreData ol, Sc,reData o'.l) { 

















static List<FastaSequence> takeGenomes(List<FastaSequence> fastaList) { 
LisもくFastaSequence>genomelist 二 new ArrayListO; 













for (int i~O;i<fastaList.sizeO;i++){ 





priva回 List<FastaSequence>removeGenomes(List<FastaSequence> fas回List){ 
List<FastaSequence> genomelist 二 new ArrayListO; 
for (int i~O;i<fastaList.sizeO;i++){ 
String sp 二 fastaList.get(i).getidO, 
if ((sp二 ”dmel”） 11 (sp二 ”dsim”）I I (sp二 ”dana”） 11 (sp二 ”dere”） I I (sp二二”dgri”） 11 (sp二 ＂dmoJ”）I I (sp二








priva回 classSwingAction 2 extends AbstractAction { 
public SwingAction 20 { 
putValue(NAME，”アミノ酸からパラログチェックウ，
pu仇 lue(SHORTDESCRIPTION, "Some short description”）， 
public void actionPerformedCActionEvent e){ 





























public class Concatenator extends JFrame { 
pnvaもeJPanel contentPane, 
priva回 JTextFieldtxtCcdnadatasupermatrix, 
priva回 finalAction action二 newSwingActionO, 
priva回 finalAction action 1二 newSwingAction 10, 
priva回 finalAction action 2二 newSwingAction 20; 
privaもeJTextArea textArea, 
priva回 JTextAreatextArea L 
priva回 finalAction action 3二 newSwingAction 30, 
/** 
* Launch the application 
*/ 
public static void main(String日args){ 
EventQueue.invokeLater(new RunnableO { 
public void runO { 
try { 
C,ncatenaもorframe 二 new ConcatenatorO, 
frame.setVisible(true); 




* Create the frame 
*/ 
public ConcatenatorO { 
setDefaultCloseOperation(JFrame.EXIT ON CLOSE); 
setBounds(lOO, 100,547,473); 
contentPane二 newJPanelO; 
contentPane.setBorder(new EmptyBorder(5, 5, 5, 5））ヲ
setContentPane(contentPane); 
txtCcdnadatasupermatrix 二 new JTextFieldO, 
凶 Ccdnadatas叩目matrix.seも.Text（＇’C:¥¥cDNAData¥¥supermatrix"),
txもCcdnadatasupermatrix.setColumns(lO);
JButton btnNewButton 二 new JButton("New button"), 
btnNewButton.se色Action(action);
JScrollPane scrol!Pane 二 new JScr叫lPaneO,
JButton btnNewButton 1 二 new JBuもton（”Newbut旬n”），
b回NewButtθn 1.setAction(action 1）；ヲ
JButton button二 new JBut加n（”￥u672B¥u7AEF¥u3092¥u30AB¥u30C3¥u30C8”）ヲ
button.setAction(action 2); 
JScrollPane scrol!Pane 1 二 new JScrollPaneO, 
JButton button 1 二 new JBut加n（”90%¥u306E:¥u30B5¥u30A4¥u30C8¥u306E¥u307F¥u3092¥u62BD¥u51FA”），
button 1.setAction(action 3); 







addComponent(scrollPane, GroupLayout.DEFAULT SIZE, 
381, Short.MAX VALUE) 
addComponent(scrollPane 1, Alignment.LEADING, 
GroupLayout.DEFAULT SIZE, 381, Short.MAX VALUE) 
addGroup(gl con回ntPane.createSequentia!GroupO
addComponent(txtCcdnadatasupermatrix, 






GroupLayout.PREFERRED SIZE, 159, GroupLayout.PREFERRED SIZE) 
addPreferredGap(ComponentPlacement.RELATED) 
addComponent(button, 










GroupLayout.PREFERRED SIZE, GroupLayout.DEFAULT SIZE, GroupLayout.PREFERRED SIZE) 
addComponent(btnNewBu坑on))
addGap(S) 




もextArea1 二 new JTextAreaO, 
scrollPane 1.setViewportView(textArea 1), 









addComponent(button 1)  
a主dd仇 ntainerGapO)
priva回 classSwingAction extends AbstractAction { 
public SwingActionO { 
｝ 
putValue(NAME，”参照”）ヲ
putValue(SHORT DESCRIPTION，”Some short description”）， 
｝ 
public void actionPerformed(ActionEvent e) { 
JFileChooser filechooser 二 new JFileChooser（℃：￥￥cDNADa回”）ヲ
filechooser.setFileSelectionMode(JFileChooser.・DIRECTORIESONLY), 
int selected二 filechooser.showOpenDialog(contentPane); ／「開くJダイアログ表示
削selected二二JFileChcoser.APPROVE OPTION){ 
txtCcdnada ta su permatrix. setText(filechooser.getSelectedFileO. getAbsolu回PathO),
File f山二newFile（白色Ccdnadatasupermatrix.getTextO);
String日filelist二二file.listO;
priva回 classSwingAction 1 extends AbstractAction { 
public SwingAction 10 { 
｝ 
putValue(NAME，”スーパーマトリックス作成”），
putValue(SHORT DESCRI町 ION，”Somesho叫 description");
｝ 
public void actionPerformed(ActionEvent e) { 
String filead 二 txもCodnada回supermatrix.get＇「rextO,
try { 
concatenate(filead); 
} catch (IO Exception el) { 
I TODO Auto generaもedcatch block 
el.printStackτ旨aceO;





String fileParentAdress 二 file.getParentO, 
String ntlist日二file.list(new FastaNameFilteri); 
H種数だけ配列をつくる
LisもくFastaSequence>first二SequenceUtil.readFasta(new FilelnputStream(fileAdress ＋”￥￥”＋ ntlist[O]), 
Colections.sort(first）；ヲ
mt numsp 二 first.sizeO; 
String[] seq二 newStri時［n山 田 pl,
String[] name 二 new String[numspl, 
ArrayList<String> spnamelist 二 new ArrayListO, 
for (int i~O;i<numsp;i++){ 




String infilename二 fileAdressド＇￥￥叫 ntlist[i],
FilelnputStream input二 newFilelnputStream(inf由 name);
Li引くFastaSequence>fastaList二日equenceUtil.readFasta(input),
input.closeO; 




if (fastaList. get(k). getld O .indexOf(spnamelist.getG) )1二 1){
break; 



















nameLl] 二 fastaList.getG).getldO, 
｝ 
String repair二 fastaList.get(O).getS equenceO. toStringO, 
int start二 seq[O].iengthO repair.lengthO+ J; 
int end二 seq[O].iengthO; 
String geneSite 二sもart＋”＂＋ end, 
／／遺伝子ごとの長さを表示
／もextAi・ea.append(ntlist[i]＋” sequence length , ＇’＋ repail・.lengthO ＋”￥n”）ヲ
加，tAi・ea.append(ntlist[i]ドー l二l’ +start+ ” ” +end+ l’；￥n”）ヲ
／もextAi・ea.append（百harset" + ntlist[i] ＋”二”＋ geneSite + ";¥n”）， 
for (int j二o;j<3;j++){
int startMod 二 start+j, 
もextAi・eaLappend(ntlistli] ＋” pos" + j ＋”＝”＋ startModド I"+ end ＋守￥3;¥n”）ヲ
｝ 
LisもくFastaSequence>wri臼List二 new ArrayList<FastaSequence>O, 
for(int i二o;i<seq.lengもh;i++){











priva回 classSwingAction 2 extends AbstractAction { 
public SwingAction 20 { 
putValue(NAME，”末端をカット”）ヲ
pu仇 lue(SHORTDESCRIPTION，”Some short description”）， 
｝ 
public void actionPerformed(ActionEvent e) { 
String filead 二 txもCednada回supermatrix.get司extO,
try { 
modTerminal(filead), 
} catch (IO Exception el) { 









int startO 二 new int[genomeList.sizeO]; 
int endO 二 new int[genomeList.sizeO]; 
for (int i~O;i<genomeList.sizeO;i++){ 
｝ 
String seq二 genomeList.get(i).getSequenceO, 
for (int j二o;j<seq.lengもhO;j++){
if ((seq.charA内）？二P') && (seq.charAt(j) r二＇X')){
S阻rt[i]二 j,
break; 
for (int j二seq.lengthOLj > 0 ;j ){ 
if ((seq.charAt(j) I二P') && (seq.charAt(j) r二＇X')){
end[i] 二 j,
break; 
int ss 二 getTopShare(start), 
int es 二 getTopShare(end); 




String repair二 preList.get(j).getSequenceO. toStringO. substring(ss,es+ 1), 
mdlist.add(new Fas回Sequence(preList.get(j).getldO，四pair));
priva回 intgetTopShare(intO start){ 
ArrayList sitelist 二 new ArrayLisも0,
si胞list.add(starも［o]);
for (int i~O;i<start.lengもh ;i++){
for (int j二i+Lj<starもlength;j++){
if (start[i］＇二S回rl右］）｛
ArrayList scoreList 二 new ArrayListO, 
for (int i~o;i<si胞list.sizeO;i++){






int topscore 二 0, 
for (int i~O;i<scoreList.sizeO;i++){ 
for (int j二i+Lj<scor唱List.sizeO;j++){
if ((int)sco四 List.get(i)< (int)sc凹 eList.ge内））｛




int common日二 new int[s回rt.length],





common[i] 二 share, 
｝ 
int top二 0, 
for (int i二o;i<start.length-l;i++){




pnvaもevoid modTerminal(String filead) throws IO Exception{ 
日lefile 二 new File(filead); 
se口'itle(file.getAbsolutePathO),
String fileAdress 二 file.getAbsolutePathO, 
String fileParentAdress 二 file.getParentO; 
String ntlist日二 file.list(new FastaNameFilterO); 
for (int i二o;i<ntlist.lengもh;i++){
String infilename 二 fileAdressド＇￥￥”＋ ntlist[i], 
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fastaList 二 cutTerminal(fastaList), 
String outfilename 二 filead ＋”￥￥mod”＋ntlist[il, 
OutputStream os 二 new FileOuもputStream(outfilename）ヲ
Sequence Util. writeFasta(os, fastaList); 
os.closeO; 
priva回 classSwingAction 3 extends AbstractAction { 
public SwingAction 30 { 
putValue(NAME，”90%カバー サイトの抽出”），
putValue(SHORT DESCRIPTION，”Some short description”）， 


























impo叫 java.ma th. BigDecimal. 
import java. util.ArrayList; 
impo叫 java.util.List;
1mpo叫 javax.swing.Action,





public class GCc,unter extends JFrame { 
pnva回 JPanelcontentPane, 
privaもeJTextField textField; 
priva回 finalAction action二 newSwingActionO, 
priva回 finalAction action 1二 newSwingAction 10, 
/** 
* Launch the application 
*/ 
public static void main(String日args){ 
EventQueue.invokeLater(new RunnableO { 
public void runO { 
try { 
GCcounter frame二 new GCcounterO, 
frame.setVisible(true); 




* Create the frame 
*/ 
public GCcounterO { 
setDefaultCloseOperation(JFrame.EXIT ON CLOSE); 
setBounds(lOO, 100, 450, 300); 
contentPane二 newJPanelO; 




JButton btnBrowse 二 new JBu坑on（”browse”），
btnBrowse.setAction(action); 
JScrollPane scrol!Pane 二 new JScr叫lPaneO,
Short.MAX VALUE) 
JButton btn日回rt二 new JButton（百tart"),
bもnStart.setAction(action1); 
GroupLayout gl conte叫Pane二 newGroupLayout(contentPane), 
gl contentPane.setHorizon回！Group(
gl contentPane.createParallelGroup(Alignment.LEADING) 
addGroup(Alignment.TRAILING, gl contentPane.createSequentialGroupO 
addComponent(textField, GroupLayout.DEFAULT SIZE, 348, 
GroupLayout.DEFAULT SIZE, Short.MAX VALUE)) 
addPreferrertGap(ComponentPlacement.RELATED) 
addComponent(btnBrowse, GroupLayout.DEFAULT SIZE, 
Short.MAX VALUE) 












addComponent(textField, GroupLayout.PREFERRED SIZE, 
GroupLayout.DEFAULT SIZE, GroupLayout.PREFERRED SIZE) 
addComponent(btnBrowse)  
addGap(8) 
addComponent(scrolPane, GroupLayout.PREFERRED SIZE, 193, 
GroupLayout.PREFERRED SIZE) 
｝ 
Jτ'extArea textArea 二 new JTextAreaO, 
scrnlPane.setViewportView(textArea); 
contentPane.setLayout(gl contentPane), 
addPreferrertGap(ComponentPlacement.RELATED, 9, Sho叫 MAXVALUE) 
addComponent(btn白色art))
priva回 classSwingAction extends AbstractAction { 
public SwingActionO { 
｝ 
putValue(NAME，”Browse”）ヲ
putValue(SHORT DESCRIPTION, "Some short description”）ヲ
｝ 
public void actionPerformed<ActionEvent e) { 
JFileChooser filechooser 二 new JFileChooser（℃：￥￥cDNADa回”）ヲ
filechooser.setFileSelectionMode(JFileChooser.・DIRECTORIESONLY), 
int selected二 日lechooser.showOpenDialog(contentPane);／「開くJダイアログ表示
削 selected二二JFileChcoser.APPROVE OPTION){ 
もextField.setText(filechooser. getSelectedFileO. getAbsol u回PathO),
priva回 classSwingAction 1 extends AbstractAction { 
public SwingAction 10 { 
｝ 
putValue(NAME，”GCcount"), 
putValue(SHORT DESCRIPTION，”Some short description”）， 
｝ 
public void actionPerformed(ActionEvent e){ 
try { 
countGC(textField.getTextO), 
} catch (IO Exception el) { 
I TODO Auto generaもertcatch block 
el.printStackτ'raceO; 
privaもevoid countGC(String filead) throws IO Exception { 
日lefile 二 new File（且lead);
se口'itle(file.getAbsolutePathO),
String fileAdress 二 file.getAbsolu臼Path0, 
String fileParentAdress 二 file.getParentO: 
String ntlist日二 file.list(new FastaNameFilteri)); 
Workbook wb 二 new XSSFWorkbookO; 
Sheet sheet二 wb.createSheetO; 
Row labelrow 二 sheet.createRow(O), 
for (int i二o;i<ntlist.lengもh;i++){
String infilename 二 fileAdressド＇￥￥”＋ ntlist[i], 












Cell la belcell 二 la belro、￥.createCell(j+1); 
labelcell.setCellValue(fastaList.get(j).getidO), 
Cell gen二 row.createCel(O), 
gen.setCelValue(ntlist[i]); 
Cell cell二 ro、￥.createCel(j+1), 
cell.setCelValue(gcPercent); 
日leOutputStreamout二 null, 
out二 new FileOutputStream(fileAdress ＋”￥￥GCpercent.xlsx"), 
wb.wri回（out);
}catch(IOException e){ 
Sys回mout. println (e. toStringO), 
}finaly{ 
try { 
out.closeO, 
}catch(IOException e){ 
System.out. println(e.加StringO),
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